Secondary metabolism in Penicillium cyclopium by Herman, Barrington
SE C O N D A R Y  M ETABOLISM  IN PEN 1CILLIUM  "Y C L O PiU M
B. Herman 
D epartm en t o f  B io c h e m is try
A d i s s e r t a t i o n  s u b m it te d  t o  th e  F a c u l ty  o f  S c ie n c e  
U n iv e r s i t y  o f  t h e  W itw a te .rs ra n d , J o h a n n e s b u r s ,  f o r  
th e  d e g re e  o f  M a s te r  o£ S c ie n c e .
Jo h a n n e sb u rg  1985.
A B S T R A C T
D im e th y la l ly l  t r a n s f e r a s e  ( E . C . 2 . 5 . 1 . 1 . ) i  is o p o n c e n y lp y rp p h o sp h a te  
iso m e ra se  ( E .C .5 .3 .3 .2 . )  and a p r e n y J - a r y J  t i a n s f e r a s z ,  enzymes I n v o lv e d  
In  t h e  p r o d u c tio n  o f  a  c y c lo p ie z o n ic  a c id  in  P e n i c i l l iu m  c y c lo p iu m  
W est l i n g ,  w ere  i s o l a t e d ,  and th e  i s o e l e c t r i c  p o in ts  m e asu re d . T hese  w ere  
f o r  d im a th y la l l y l  t r a n s f e r a s e  5 . 2 ,  iso p e n te n y lp y ro p h o s p h a te  is o m e ra s e  4 .9  
and p r e n y l - a r y l  t r a n s f e r a s e  5 .6 .  P .c y c l a p lu a  was grown on  N aN O ^-c o n ta in ­
in g  medium, w h ere  n i t r o g e n  was l i m i t i n g ,  and showed low volum e m y c e l i a l  
p r o d u c tio n  and h ig h  a and 6 c y c lo p ia z o n i c  a c id  p r o d u c t io n .  P .c y c lo p iu m  
was th e n  grown on c o rn  fim op  l i q u o r  and showed h ig h  m y c e li a l  p r o d u c tio n  
and a lm o s t no o and  6 c y c lo p .is z o n ie  ncl<: p r o d u c t io n ,  and y e t  i t  was fo u n d  
by e x p e r im e n ta t io n  t h a t  th e  p r e n y l - a r y l  t r s n . ’Tv- > va« n r e s . - n t  and  a c ­
t i v e  in  P .cy clo p X u m  grown on c o rn  s t e e p  l i q u o r .  The a b i l i t y  o f  P .c y c lo p iu m  
when grown on c o rn  s t e e p  l i q u o r  t o  p ro d u c e  th e  p r< in y l-a ry l  t r a n s f e r a s e  
means t h a t  much h ig h e r  q u a n t i t i e s  o f  th e  p r e n y l - a r y l  t r a n s f e r a s e  c an  now 
be i s o l a t e d ,  a s  P .c y c lo p iu m  grown on c o rn  s t e e p  l i q u o r  h a s  a l a r g e r  volum e 
o f  e n z y m e -c o n ta in in g  ro y c e lia .  A n o v e l m ethod was found  f o r  i s o l a t i n g  
a - a c e t y l  X (S i n d o ly l )  m ethy l te t r a m i c  a c id  and t r p - y  and 2 (unknown 
in te r m e d ia te s  in  c y c lo p ia z o n ic  a c id  p r o d u c t i o n ) from  la r g e  q u a n t i t i e s  o f  
a and 6 c y c lo p ia . io n ic  a c i d , by u se  o f  a Sephadex  G10 column and an e l u t i o n  
b u f f e r  o f  ImM EDTA a d ju s te d  to  pff 1 0 ,5  w ith  armnonia. The e f f e c t  o f  
2 - ( p -c h lo r o p h e n o x y ) -2 m e th y lp r o p io n ic  a c id  ( C l o f i b r s t e ) , an i n h i b i t o r  o f  
h y d r o x y m e th y lg lu ta ry l  coenzyme A r e d u c ta s e  in  mammals, was s tu d i e d  in  
P .c y c lo p iu m  in  an a t te m p t to  i n h ib i t ,  h y d r o x y m e th y lg lu ta ry l  coenzym e A 
r e d u c ta s e  o r :  ' ■•"ty. I t  was hoped t h a t  i n h i b i t i o n  o f
iso p e n te n y lp y rc ..- i •,p!.9te and d im o th y la l ly lp y r o p h o s p h o te  p r o d u c tio n  w ould 
le a d  to  an i n c r e a s e  in  th e  le v e l s  o f  o - a c c t y l  8" in d o y l )  m e th y l t e t r a m i c  
a c id .  However t h i s  d id  n o t o c c u r  and c y c lo p ia z o n ic  a c id  was s t i l l  
p ro d u ce d , s u g g e s t in g  t h a t  C l o f ib r a t e  does n o t  i n h i b i t  
h y d r o x y m e th y lg lu ta ry l  coenzyme A r e d u c ta s e  in  P .c y c J o p iu m .
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C H A PT E R  1
IN T R O D U C T IO N
PRIM ARY A ND SEC O N D A R Y  M ETABOLISM
I n  a l l  l i v i n g  o rg an is m s  b i o l o g i c a l  com ponents o re  s y n th e s is e d  and 
u t i l i s e d ,  t h e s e  p r o c e s s e s  a r e  a l l  g ro u p ed  u n d e r  th e  h e a d in g  o f  m e ta b o l ism , 
w hich  i s  b ro k en  i n t o  tw o c a t e g o r i e s ,  a n a b o lis m  ( s y n th e s i s )  and c a ta b o l i s m  
( d e g r a d a t io n ) .  A ll  o rg a n is m s  p o s s e s s  s i m i l a r  pa thw ays by w h ich  th e y  
s y n th e s is e  and u t i l i s e  c e r t a i n  e s s e n t i a l  b i o lo g i c a l  compounds su c h  as 
s u g a r s ,  am ino a c i d s ,  f a t t y  a c id s ,  n u c l e i c  a c id s  and th e  p o ly m e rs  a s s o c i ­
a te d  w ith  t h e s e  b a s i c  b u i ld i n g  b lo c k s .  T h ese  compounds a r e  a l l  e s s e n t i a l  
t o  th e  w e l l  b e in g  and s u r v iv a l  o f  t h e  o rg an ism  and a r e  te rm ed  p r im a ry  
m e ta b o l i te s  and a r e  s y n th e s is e d  by p r im a ry  m e tab o lism .
Many o rg an is m s  a l s o  p ro d u c e  p r o d u c ts  w hich  have  no a p p a r e n t  u t i l i t y  and 
th e s e  a r e  te rm ed  th e  n a tu r a l  p r o d u c ts  o r  t h e  s e c o n d a ry  m e ta b o l i t e s ,  and 
t h e i r  pa thw ays o f  s y n th e s i s  and u t i l i s a t i o n  a r e  th e  p a thw ays o f  se c o n d a ry  
m e tab o lism .
The d iv i s io n  be tw een  p r im a ry  and s e c o n d a ry  m e ta b o l . e ry  o f t e n  h a zy ,
a s  t h e r e  a r e  o b s c u re  am ino a c id s  w hich  may b e  re g a rd e d  a s  s e c o n d a ry
m e ta b o l i t e s ,  w h ile  many o f  th e  s t e r o l s  h av e  e s s e n t i a l  r o l e s  and m ust b e
r e g a rd e d  a s  p r im a ry  m e ta b o l i t e s .  The s i t u a t i o n  i s  f u r t h e r  c o m p lic a te d  
a s  th e  p r e c u r s o r s  f o r  s e c o n d a ry  m e tab o lism  a re  p ro v id e d  a t  b ra n c h  p o in ts  
in  p r im a ry  m e ta b o lism , f o r  i n s t a n c e  th e  p r im a ry  amino a c id s  le a d  t o  th e
fo rm a tio n  o f  a l k a l o i d s  and p e p t id e  a n t i b i o t i c s .
The p u rp o se  f o r  w hich  o rg an is m s  p ro d u c e  s e c o n d a ry  m e ta b o l i te s  i s  n o t  
c o m p le te ly  u n d e rs to o d , b u t many h y p o th e s e s  h av e  been  advanced  t o  e x p la in  
them . In  1947 F o s t e r  s u g g e s te d  t h a t  s e c o n d a ry  m e ta b o l i te s  w ere  fo rm ed , 
b e c a u se  u n d e r  c o n d i t io n s  o f  c a r b o h y d ra te  e x c e s s ,  s a t u r a t i o n  o f  th e  
enzymes in v o lv e d  in  c o m p le te  o x id a t io n  o f  th e  s u b s t r a t e  le a d s  t o  t h e  a c ­
c u m u la t io n  o f  i n te r m e d i a te s  w hich  a r c  n o n - e s s e n t i a l  and a re  th u s  e x c r e te d  
o r  s h u n te d  t o  s u b s id i a r y  enzyme c y c l e s .  B u 'L ock  (1965) p ro p o se d  th e  te rm s  
tr o p o p h a s e  and id io p h a s e  t o  d i f f e r e n t i a t e  th e  two b ro ad  p h a se s  shown t o  
o c c u r  in  th e  d e v e lo p m e n t o f  subm erged  c u l t u r e s .  In  th e  tro p o p h a s e  b a la n c e d
r e p l i c a t i o n  o f  c e l l  m a te r i a l  and u p ta k e  o f  n u t r i e n t  o c c u r s .  T h is  p h ase  
i s  u s u a l ly  te r m in a t e d  by a num ber o f  f a c to r s  t h e s e  u s u a l ly  b e in g  th e  d e ­
p l e t i o n  o f  an e s s e n t i a l  n u t r i e n t .  T h is  i s  f o l lo w e d  by th e  id io p h a s e  d u r in g  
w hich  p h y s io l o g ic a l  ch an g e s o c c u r  and s e c o n d a ry  m e ta b o l i te s  a re  p ro d u ce d . 
I t  h a s  been  su g g e s te d  by v a r io u s  a u th o rs  (W oodru ff 1966; B u 'L ock  1975i 
B e rry  1975) t h a t  on e x h a u s t io n  o f  a m a c r o n u t r ie n t  p r im a ry  m e tab o lism  b e ­
comes u n b a la n c e d  and t h i s  le a d s  to  th e  s c c tu r u ld t io n  o f  v a r io u s  in te r m e ­
d i a t e s .  T h is  b a la n c e  ca/i be  r e g a in e d  by rem o v in g  th e s e  i n te r m e d i a te s  and 
th u s  a l lo w in g  th e  o rg an ism  to  s u r v iv e .  Th ie  i n te r m e d i a te s  a re  removed 
from  th e  sy s te m  by b u i ld i n g  e s s e n t i a l l y  " u s e l e s s "  m o le c u le s .  In  t h e  e v e n t 
o f  t h e  l i m i t i n g  n u t r i e n t  b e in g  s u p p l i e d ,  t h e s e  " u s e l e s s "  m o le c u le s  can  
th e n  b e  c a t a b o l i s o d  to  s u p p ly  b o th  b u i ld i n g  b lo c k s  and e n e rg y .
An I t e r n a t i v e  h y p o th e s is  i s  t h a t  th e  s e c o n d a ry  m e ta b o l i te s  a r e  p ro d u ce d  
f o r  e c o lo g ic a l  r e a s o n s .  Many o f  th e  s e c o n d a ry  m e ta b o l i te s  p ro d u ce d  by  
p l a n t s  a re  h ig h ly  t o x i c  and c o u ld  b e  a d e f e n s iv e  m echanism , and many i n ­
s e c t s  u se  s e c o n d a ry  m e ta b o l i te s  in  t h e i r  e v e ry d a y  l i f e ,  su c h  a s  pherom ones 
(Mann 1979 ). The above h y p o th e s is  i s  t o  some e x t e n t  s u p p o r te d  by L uckner 
(1 9 7 2 ) ,  a l th o u g h  he p o in t s  o u t  t h a t ,  c o n s id e r in g  th e  g r e a t  number o f  
s e c o n d a ry  m e ta b o l i te s  fo rm ed , th e  number u se d  f o r  t h e s e  p u rp o se s  a r e  sm a ll 
and t h e i r  b i o l o g i c a l  s i g n i f i c a n c e  seem s to  be a random p r o c e s s  w hich  
e v o lv e d  a f t e r  i t s  o c c u r re n c e  r a t h e r  th a n  b e in g  a r e a so n  f o r  t h e i r  s e ­
l e c t i o n .
T h roughou t h i s t o r y  man h a s  u se d  th e s e  n a tu r a l  p r o d u c ts ,  u s u a l ly  i n  th e  
form  o f  c ru d e  p l a n t  e x t r a c t s ,  f o r  r e l i e f  from  p a in  and th e  a l l e v i a t i o n  
o f  th e  symptoms o f  d i s e a s e ,  exam p les b e in g  m orph ine  from  tw o s p e c i e s  o f  
p o p p y , r e c in in e  e p u r g a t i v e  ( c a s to r  o i l ) .  S a l i c i n  from  w illo w  b a rk  was 
u se d  f o r  f e v e r s  and i s  now p ro d u ce d  s y n t h e t i c a l l y  a s  a s p i r i n .  P o iso n s  such  
a s  c u ra re  w ere  u se d  f o r  h u n tin g  and w a r f a r e  and c o n in e  from  hem lock  i s  a 
w e l l  known p o is o n .  The I n d ia n s  o f  S ou th  A m erica  h av e  been u s in g  t h e  p u lp  
o f  th e  Cocao le a v e s  ( c o c a in e )  and c a f f e in e  i s  s t i m u la n ts  f o r  c e n t u r i e s ,  
T h roughou t t h e  a g e s  man h a s  a l s o  u se d  od o ro u s compounds su c h  a s  r o s e  o i l
and o i l  o f  la v e n d e r  t o  mask h i s  n a t u r a l  body o d o u rs  and s p ic e ;  su c h  as 
c innam on, c lo v e s  and  g a r l i c  a s  s e a s o n in g  t o  h id e  th e  t a s t e  o f  bad  fo o d .
I t  i s  n o t  o n ly  p l a n t s  t h a t  h av e  be en  known t o  p ro d u ce  se c o n d a ry  
m e ta b o l i t e s ,  many f u n g i  a r e  known t o  p ro d u c e  them , a lo n g  w ith  i n s e c t s  and 
a n im a l s . Betw een 1815 and 1660 more th a n  20 n a tu r a l  p r o d u c ts  w ere  i s o ­
l a t e d ,  in c lu d in g  m o rp h in e , q u in in e ,  c o c a in e ,  c a f f e in e ,  n i c o t i n e ,  c o d e in e  
and cam phor, a l th o u g h  t h e i r  c h em ic a l s y n th e s i s  to o k  a l i t t l e  l o n g e r ,  eg . 
m orphine  in  1952.
In  1862 Huseman, H ilg e r  & Husaman d is c u s s e d  th e  i s o l a t i o n  o f  a to x i c  
a lk a lo i d  s u b s ta n c e  from  m ouldy b r e a d . W rotiin i n  1691 p u b l i s h e d  an a r t i c l e  
on th e  to x ic  p r o p e r t i e s  o f  G ib b e r e l la  z e a l  i n f e c t e d  r y e .  M i t c h e l l  i n  2918 
d e s c r ib e d  e x p e r im e n ts  in  w hich  he was a b le  t o  in d u c e  symptoms o f  p o is o n in g  
in  c a t t l e  s i m i l a r  t o  th o s e  o b se rv e d  in  f i e l d  c a s e s , by f e e d in g  m a ize  a r ­
t i f i c i a l l y  in / s c c e d  iv ith  D Jp J o d ie  z e e ] .  N ot a l l  s e c o n d a ry  m e ta b o l i te s  
p ro d u ce d  by th e  f u n g i  a re  t o x in s ,  p e n i c i l l i n  and s tr e p to m y c in ,  f o r  exam­
p l e ,  a re  p o te n t  a n t i b i o t i c s  u se d  in  m e d ic in e .
Fo r th e  t h r e e  d e c a d e s  a f t e r  th e  p u b l i c a t i o n  by M itc h e l l  in  1916 , t h e r e  
was v e ry  l i t t l e  s tu d y  o f  th e  fu n g a l n a t u r a l  p r o d u c ts .  Then in  1945, 
D robotko  o b se rv e d  t h a t  t h e  la r g e  num ber o f  h o r s e  m o r t a l i t i e s  in  t h e  USSR 
w ere  cau se d  by S t a c h y b o t r y o to x ic o s is  w h ic h  was shown to  fo l lo w  th e  
in g e s t i o n  o f  fo d d e r  c o n ta m in a te d  by S ta c h y b o tr y x  a t r e .
F o llo w in g  t h i s  th e  r o l e  o f  f u n g i  in  a num ber o f  v e t e r in a r y  t o x i c o s e s  o f  
unknown a e t io l o g y  was i n v e s t i g a t e d .  P ic h o m y ce s  charcarum  was e s t a b l i s h e d  
a s  th e  c a u s a t iv e  a g e n t in  th e  " f a c i a l  cczma syndrom e” w hich had  be en  r e ­
sp o n s ib l e  f o r  s e v e r e  l o s s e s  umong c a t t l e  in  A u s t r a l i a  and New Z ea la n d  
(T h o rto n  & R oss 1959; T h o r to n  £■ P e r c iv a l  1959) D u rin g  th e  same de ca d e  
F o rg a cs  and C a r l l  im p l ic a te d  s t r a i n s  o f  A s p e r g iJ J u s  f J a v u s  and 
P e n i c i l l iu m  rubcu/n  ip  o u tb r e a k s  o f  "m ouldy c o rn  t o x i c o s i s 1’ w hich  had  e f ­
f e c te d  la r g e  num bers o f  sw ine  in  th e  USA d u r in g  th e  p e r io d  1 9 52 -1959 , and 
th e y  w ere a l s o  s u c c e s s f u l  in  r e p ro d u c in g  th e  symptoms o f  b o v in e
h y p e r k e r a to s i s  in  e x p e r im e n ta l  a n im a ls  u s in g  s t r a i n s  u f  A s p e r g ilJ u s  
c J a v s tu s  and A s p e r g jJ J u s  c h e v a l i e r j  i s o l a t e d  from  f e e d  im p l ic a te d  in  
f i e l d  c a se s  o f  t h e  d is e a s e  (B u rn s id e  e t  3 l  1957; F o rg a c s  & C a r l l  1962).
The m o r t a l i t y  o f  a la r g e  num ber o f  tu r k e y  p o u l t s , d u c k l in g s , sw ine  and 
c a t t l e  w ere  shown to  h a v e , as c a u s a t iv e  a g e n t s , th e  a f l a t o x i n s , a g roup 
o f  s t r u c t u r a l l y  r e l a t e d  m e ta b o l i te s  o f  A s p e r g iJ J u s  f l e v u s .  They p roved  
n o t  o n ly  t o  bo e x tre m e ly  t o x i c  b u t a l s o  t o  p o s s e s  d e f i n i t e  
h e p a to c a r c in o g e n ic  p r o p e r t i e s . The m ost t o x i c  o f  t h e s e  m e ta b o l i te s  
a f l a t o x i n  Bj h as LDjq v a lu e s  w hich  ra n g e  from  lOmg/kg f o r  m onth o ld  
h a m s te rs  t o  O .Sm g/kg f o r  d o g s , t r o u t  and day o ld  d u c k l in g s  (Wogan 1966 ). 
Tumours w ere  in d u c e d  in  a num ber o f  e x p e r im e n ta l  a n im a ls  f o l lo w in g  o r a l  
d o se s  o f  a f l a t o x i n  f o r  p ro lo n g e d  p e r io d s  a t  s u b l e t h a l  l e v e l s  (L a n c a s te r  
e t  a l  1961; B a rn es  & B u t le r  1964; New berne 1 9 6 5 ). As A s p e r g i l l u s  f l e v u s  
h a s  th e  a b i l i t y  t o  grow on a w id e  v a r i e t y  o f  c ro p s  and to  p ro d u ce  
a f l a to x in s  on them  a l l ,  f u r t h e r  s tu d y  i s  e s s e n t i a l  a s  t h e s e  t o x in s  have 
be an  found in  p r o c e s s e d  f o o d s tu f f s  rea d y  f o r  human c o n su m p tio n .
J a p a n e se  w o rk e r s , w ork ing  w ith  m y c o flo ra  c a u s in g  th e  y e l lo w in g  o f  r i c e ,  
d is c o v e r e d  two m e ta b o l i te s  o f  P e n lc iJ J iu m  is la n d ic u m  w hich  a r e  a c u te ly  
t o x i c  in  n a tu r e .  L u te o s k ry n , one o f  t h e s e  m e t a b o l i t e s , h a s  be en  shown, 
a f t e r  long  te rm  a d m in i s t r a t i o n  t o  e x p e r im e n ta l  a n im a ls ,  t o  le a d  to  th e  
fo rm a tio n  o f  hepatom as (M iyake e t  s i  1959; K obayask i e c  e l  1959; Miyake 
e t  a l  1960; U ra g u ch i e t  a]  1 9 6 1 ). I t  h a s  be en  s u g g e s te d  by K r a y b i l l  and 
Shim kin (1964 ) t h a t  as th e  a f l a t o x i n s  and P e n l c i l l i u m  i s la n d ic u m  t o x in  
h av e  a h e p a to c a r c in o g e n ic  n a tu r e  t h a t  t h e r e  m ig h t b e  some c o r r e l a t i o n  
Betw een th e  h ig h  o c c u r re n c e  o f  h e p a t i c  c a rc in o m as  am ongst A fr ic a n  and 
O r i e n ta l  p e o p le s  and  th e  fu n g a l  c o n ta m in a t io n  o f  m a ize  and r i c e , th e  b a s ic  
com ponents o f  t h e  m a jo r i ty  o f  t h e s e  p e o p le s  d i e t s .
I n  1965 S c o t t  c a r r i e d  o u t  an i n v e s t i g a t i o n  in  w hich  h e  t e s t e d  228 mould 
s t r a i n s  f o r  t o x i c i t y .  To do t h i s  he  i s o l a t e d  th e  m ould from  c e r e a l  and 
legum e c ro p s  and grew  i t  f o r  tw o w eeks on m a ize  m eal c u l t u r e s . A f t e r  t h i s  
t h e  c u l tu r e s  w ere  d r i e d  and c ru s h e d  and th e n  in c lu d e d  in  t h e  d i e t s  o f  th e
t e s t  a n im a ls  (P e k in g  d u c k l in g s ) f o r  tw o w ee k s . F o r ty  s i x  s t r a i n s  r e p r e s ­
e n t in g  22 o f  th e  59 s p e c i e s  exam ined  w ere  found  t o  c a u se  t h e  d e a th  o f  a l l  
th e  a n im a ls  in  th e  t e s t  p e r io d .  A s i n g l e  s t r a i n  o f  e ac h  o f  t h e  22 s p e c ie s  
was th e n  t e s t e d  f o r  t o x i c i t y  in  new ly  w eaned r a t s  and m ic e . The f e e d in g  
t r i a l s  w ere c a r r i e d  o u t  o v e r  a f o u r  week p e r io d .  H ea ls  t h a t  had  b e e n  i n ­
f e c t e d  w ith  A s p e r g i l l u s  ov en a c eo u s  , A s p e r g i l l u s  n w e u s  , A s p e r g i l l u s  
o c h ra c e v s  , P e n i c i l l iu m  e x a l i c u e  and  P e n ic a 'iJ iu m  u r t i c a a  w ere  shown to  
p ro d u c e  t c x i c  a g e n ts  e f f e c t i v e  a g a in s t  b o th  r a t s  and m ice . S c o t t  l a t e r  
r e - i d e n t i f i e d  P e n i c i l l i u m  u r t i c a a  o s  P e n ic i l l i u m  c y c lo p iu m  and th e  to x in  
from  t h i s  b ro u g h t a b o u t t h e  d e a th  o f  a l l  a n im a ls  in  th e  t e s t  g ro u p  w i th in
H o lz a p fe l (1968) c u l t i v a t e d  P e n ic i l l i u m  c y c lo p iu m  on m arge m eal and e x ­
t r a c t e d  th e  t o x in  q u a n t i t a t i v e l y  u s in g  c h lo ro fo rm -m e th a n o l , and th e n  
i s o l a t e d  c y c lo p ia z o n ic  a c i d ,  a  n o v e lly  s u b s t i t u t e d  ta c r a m ic  a c i d ,  by 
ch ro m a to g rap h y  on fo rm am id e - im p reg n a ted  c e l l u l o s e  and io n -e x c h a n g e  c o l ­
umns. See F ig u re  1 f o :  th e  s t r u c t u r e  r f  C y c lo p ia z o n ic  a c id .
C y c lo p ia z o n ic  a c id  i s  an  o p t i c a l l y  a c t i v e  c o lo u r l e s s  c r y s t a l l i n e  compound 
w ith  th e  e m p ir ic a l  fo rm u la  C20H20N2°3 ' 7116 compound t i t r a t e s  as a 
m onobasic  a c id  and form s th e  m onohydrazone ^20^22^6^2 ancl S i-V6S c ^ e l r l ‘ 
t e n s e  o r a n g e /r e d  f e r r i c  c o lo u r  r e a c t i o n  c h a r a c t e r i s t i c  o f  th e  
i n te r m o le c u la r l y  H2 bonded  e rvo lized  8 d ik e to n e s ,  and th e  p u r p l e / b lu e  
E h r l ic h  c o lo u r  o f  an in d o le  u n s u b s t i t u t e d  a t e i t h e r  th e  c o r  B p o s i t i o n .
The m ass sp e c tru m  o f  th e  to x in  show s a s t r o n g  m o le c u la r  io n  a t  m /e 336 
tii.d p ro m in e n t f r a g m e n ta t io n s  a t  m /e 154 , 155 , 181 , 182 and 196. The U,V. 
sp e c tru m  o f  th e  t o x in  i n  m e thano l e x h i b i t s  a b s o r p t io n  maxima a t  w ave­
le n g th s  2 2 5 , 2 5 3 , 2 7 S ( s h ) ,  264 and 292 ntn . The lo g  m o la r e x t i n c t i o n  c o ­
e f f i c i e n t s  a re  4 .6 0 ,  4 .2 2  4 .2 6 ,  4 .1 3  and 4 ,2 4  r e s p e c t i v e l y .  The t o x i c i t y  
o f  c y c lo p ia z o n ic  a c id  was exam ined  and th e  L l^ g  f o r  day o ld  d u c k lin g s  was 
found  to  b e  2 .4m g /kg  body w e ig h t ( N e e tb ) in g  1 9 7 2 ) , P u rc h a se  (1974 ) found 
t h a t  th e  t o x in  c a u s e s  c h an g e s  in  t h e  k id n e y ,  h e a r t ,  p a n c re a s  and s p le e n .
iMr—] N  •=,0
F ig u re  1. S t r u c tu r e  o f  C y c lo p ia z o n ic  a c id
H o lz a p fe l & W ilk in s  (1971 ) found  t h a t  l a b e l l e d  t r y p to p h a n (2 4 ,7 % ) , 
z n e v a lo n a te (7 ,)  . and  e c e t a t e ( 3 .5 $ )  w ere  I n c o r p o ra te d  i n to  a-CA and by 
u s in g  c h em ic a l d e g r a d a t io n  showed th e  p o s i t i o n a l  i n c o r p o r a t io n  o f  l a ­
b e l l e d  m e v a lo n a te  and a c e t a t e .  In  1970, H o lz a p fe l e r  a l  i s o l a t e d  tw o new 
m e ta b o l i t e s ,  and in  1971 H o lz a p f e l  and W ilk in s  showed t h a t  one o f  t h e s e ,  
(S-CA was an in te r m e d i a te  d u r in g  th e  b io s y n t h e s i s  o f  a-CA, In  1971 S c h a b o r t 
In  1971 S c h a b o r t a t  flJ e x t r a c t e d  f i v e  isoenzym es o f  c y c lo p ia z o n a te  
o x id o c y c la s e .  T hese  w ere  r e s p o n s i b l e  f o r  c o n v e r t in g  th e  in te r m e d i a te  
0-CA t o  a-CA S tu d ie s  on th e  m echan ism s, k i n e t i c s ,  i n h i b i t o r s ,  am ino a c id  
c o m p o s itio n  and  f l a v i n  p r o s t h e t i c  g ro u p s  o f  th e  f i v e  iso e n zy m e s  w ere 
c a r r i e d  o u t by S c h a b o r t and P o t g i e t e r  (1971) and S c h a b o r t and Steenkam p
Mc G ra th  e t  a i  (1973) i s o l a t e d  an i n te r m e d i a te  in  a-CA f o rm a tio n . I t  was 
i d e n t i f i e d  a s  c y c f o - a c e to a c e ty l - t r y p to p h a n y l  (a  a c e ty l - 7  -(B  - ir .d o y l)  
m e th y l t e t r a m i c  a c id )  and in  1976 th e y  found  t h a t  i t  was m a x im a lly  
p ro d u ce d  on th e  f o u r t h  day o f  g ro w th . In  1976-1977 Mc G ra th  e r  aJ i s o l a t e d  
th e  enzyme d im e th y la l ly l p y r o p h o s p h a te ic y c f o - a c e to a c e t y l - t r y p c o p h a n y l  
d im e th y la l l y l  t r a n s f e r a s e  (s e c o n d a ry  t r a n s f e r a s e )  w h ich  c o n v e r ts  cAA trp 
i n t o  CA, and d e m o n s tra te d  t h a t  d im e th y la l ly lp y ro p h o s p h a te  (DMAPP) and 
cA A trp w ere  th e  s u b s t r a t e s .  T hey found  t h a t  th e  enzyme was s p e c i f i c  f o r  
t h e s e  s u b s ta n c e s  and t h a t  cAA trp p r o d u c tio n  was i n i t i a l l y  r a t e  l i m i t i n g .  
When t h i s  s u b s ta n c e  p o o le d  how ever th e  p r o d u c tio n  o f  DMAPP was r a t e  l im ­
i t i n g .  The r e g u la to r y  m echanism  o f  th e  s e c o n d a ry  t r a n s f e r a s e  i s  n o t  known. 
F ig u re  2 show s th e  p o s i t i o n s  o f  th e  p r im a ry  and se c o n d a ry  m e ta b o l ic  r o u te s  
u n d e r  i n v e s t i g a t i o n  by Mc G ra th  and Herman.
P e n i c i l l iu m  eye ,'op ium  h a s  a l s o  been shown to  p ro d u c e , in  a d d i t io n  to  
c y c lo p ia z o n ic  a c id ,  th e  p h e n y la la n in e  and a n t h r a n i l i c  a c id  d e r iv e d  
q u in o l in e  a l k a l o i d s ,  v i r i d i c a t o ]  and v i r i d i c a t i n  ( t h e  pathw ay f o r  th e  
p r o d u c tio n  o f  v i r i d i c a t i n  i s  shown in  F ig u re  3) (Cunningham  & Freem an 
1953; B racken  e r  a }  1954; B irkenshaw  a t  a l  1 9 6 3 ). I t  m ust be rem em bered 
t h a t  th e  p r o d u c tio n  o f  th e s e  b e n z o d ia z e p ir .  a l k a l o i d s  i s  n o t  th e  same as 
t h a t  o f  c y c lo p ia z o n ic  a c id  p r o d u c t io n .  V i r i d i c a t i n  and v i r i d i c a t o l  a r e
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o n ly  p ro d u ce d  d u r in g  m a tu r a t i o n  o f  th e  c o n id io s p o r e s , and  in  P .c y c lo p iu a  
t h e  enzyme c y c lo p e n a s e  i s  lo c a te d  on th e  i n s i d e  o f  t h e  p la sm a  membrane, 
in a c c e s s ib l e  t o  i t s  s u b s t r a t e s .  P e n i c i l l lu tn  c y c lo p iu m  h as  a l s o  been  shown 
t o  p ro d u ce  f - m e t h y l s a l i c y c l i c  a c id  w hich  c o n ta in s  no n i t r o g e n ,  a g a in s t  
CA c o n ta in in g  tw o m o le c u le s  o f  n i t r o g e n .  When n i t r o g e n  i s  l im i t i n g  o-CA 
i s  p ro d u c e d , and i f  n i t i o g e n  and c a rb o n  c o n c e n t r a t io n s  a r e  r a i s e d ,
6 - m e t h y l s a l i c y d i e  a c id  i s  p ro d u ce d  (Mc Grat':, and H a r t le y  u n p u b lis h e d  
o b s e r v a t io n s ) .
When n i t r o g e n  l e v e l s  a r e  r e d u c e d  in  th e  medium, th e r e  i s  a f t e r  a p p ro x i ­
m a te ly  48 h o u rs  a  g e n e r a l  d ro p  in  P .c y c lo p iu a  m e ta b o lism , CO^ e v o lu t io n ,  
t h e  r a t e  o f  in c r e a s e  o f  b io m a s s , and p r o t e i n  p r o d u c tio n  a l l  d e c r e a s e  
(N e a zh lin g  and  Nc G rach 19?'?). B ecause  o f  t h i s  d ro p  in  m e t'L o ]  ism  a c e ty l  
coenzyme A (AcCoA) an im p o r ta n t e n e rg y  s o u rc e  and one  o f  t h e  c o n t r o l l e r s  
o f  th e  t r i c a r b o x y l i c  a c id  c y c le  m ust b e  e i t h e r  d iv e r t e d  o r  p o o le d . 
T ry p to p h an , w hose s y n th e s i s  c o n t in u e s  a t  a d e c r e a s in g  r a t e ,  i s  removed 
a lo n g  w ith  tw o m o le c u lc s  o f  AcCoA a s  cA A trp . The se c o n d a ry  t r a n s f e r a s e  
j o i n s  cAA trp t o  DMAPP (form ed from  3 m o le c u le s  o f  AcCoA) t o  form  15-CA. 
C o m p e ti tio n  f o r  DMAPP be tw een  th® p r im a ry  and se c o n d a ry  t r a n s f e r a s e s  i s  
th o u g h t to  b e  c o n t r o l l e d  by th e  a p p e a ra n c e  o f  cAA trp ( N e e th l in g  and Mc 
G re th  1 977 ), N e e th l in g  and Mc G ra th  (1977) p o in t  o u t t h a t  t h i s  a g re e s  w ith  
B u 'L o c k 's  (1975 ) s u g g e s t io n  - h a t  s e c o n d a ry  m e tab o lism  l i n k s  v a r io u s  im­
p o r t a n t  m e ta b o l i te s  o r  p r o c e s s e s  i n  p r im a ry  n .e tab o lism .
Mc G ra th  e t  aJ 1976 & 1977 p u r i f i e d  th e  two enzym es, p r im a ry  t r a n s f e r a s e  
and s e c o n d a ry  t r a n s f e r a s e ,  as a t  was th o u g h t t h a t  th e  c o m p e ti t io n  b e ty e e a  
r.he two enzymes may be th e  r a t e  c o n t r o l l i n g  s t e p .  They found  t h a t  b o th  
enzymes w ere  p ro d u ce d  a t  th e  same tim e  and t h a t  maximal p r o d u c tio n  o f  th e  
s e c o n d a ry  t r a n s f e r a s e  p re c e d e d  m axim al CA p r o d u c tio n  by a t  l e a s t  24 h o u r s . 
The amount o f  s e c o n d a ry  t r a n s f e r a s e  was w e l l in  e x c e s s  o f  t h a t  ne ed e d  t o  
p ro d u c e  th e  am ounts o f  CA fo u n d . T hey a l s o  found  t h a t  a  d iv a l e n t  c a t io u  
c h e l a to r  su c h  a s  EDTA i n h i b i t e d  t h e  p r im a ry  t r a n s f e r a s e ,  w h ich  r e q u i r e s  
Mg2+ , b u t  n o t  th e  s e c o n d a ry  t r a n s f e r a s e .
a-CA i s  a l s o  a d iv a l e n t  c a t i o n  c h e l a to r  ( s e e  f i g u r e  4 )  (S te y n  & R ab ie  
1976; D ip p e n ar  e t  e l  l y , v ) .  Mc G ra th  e t  a l  (1976) found t h a t  i t  i n h i b i t s  
th e  p r im a ry  t r a n s f e r a s e ,  and has a fe e d b a c k  i n h i b i t i o n  e f f e c t  on th e  
se c o n d a ry  t r a n s f e r a s e .  T hus o n c e  o-CA i s  p ro d u c e d , th e  pa thw ay  th ro u g h  
th e  s e c o n d a ry  t r a n s f e r a s e  w ould b e  fa v o u re d . The p r im a ry  t r a n s f e r a s e  has 
a s h a rp  pH optim um a t  7 ,4  w h i l s t  t h a t  o f  th e  s e c o n d a ry  t r a n s f e r a s e  i s  
b ro ad  a t  a round  pH 6 - 8 . T hey b o th  p o s s e s s  a s u b u n i t  s t r u c t u r e  w hich  a p ­
p e a r s  t o  be v a r i a b l e  d e p e n d a n t on t h e  d i f f e r e n t  g row th  o f  th e  o rg an is m . 
Mc G ra th  e t  e l  (1976 &1977) s u g g e s te d  t h a t  t h e  pH may be a n o th e r  c o n ­
t r o l l i n g  f a c t o r ,  a s  th e  p r im a ry  t r a n s f e r a s e  a c t i v i t y  i s  lo w ered  w i th  th e  
d ro p  in  pH, w h i l s t  th e  s e c o n d a ry  t r a n s f e r a s e  i s  r e l a t i v e l y  u n a f f e c te d .
Hie s e c o n d a ry  and p r im a ry  t r a n s f e r a s e s  do much th e  same j o b ,  in  t h a t  b o th  
remove th e  p y ro p h o sp h a te  from  d im e th y l a l ly I p y ro p h o s p h a te  and th e n  j o i n  
th e  d im e th y la l l v l  m o ie ty  t o  a n o th e r  m o le c u le .  The p r im a ry  t r a n s f e r a s e  to  
is o p e n te n y Ip y ro p h o s p h a te  And th e  s e c o n d a ry  t r a n s f e r a s e  to  
c y e J o - a e e t o a c e ty l - t r y p to p h a n y l .
The main aim  o f  t h i s  p r o j e c t  was t o  e x t r a c t  t h e  is o p e n te n y Ip y ro p h o s p h a te  
is o m e r a s e , d im e th y la l ly I p y r o p h o s p h a te  t r a n s f e r a s e  (p t im a ry  t r a n s f e r a s e )  
and th e  p r e n y l - a r y l  t r a n s f e r a s e  ( s e c o n d a ry  t r a n s f e r a s e )  o f  P e n i c i l l lu m  
c y c lo p iu m  in  a s t a b l e  fo rm , and u s in g  v a r io u s  te c h n iq u e s  t o  a tte m p t t h e i r  
p a r t i a l  o r  f u l l  p u r i f i c a t i o n .  The is o m e ra s e  and p r im a ry  t r a n s f e r a s e  o f  
p ig  l i v e r  w ere  e x t r a c t e d  ( t h e r e  i s  no s e c o n d a ry  t r a n s f e r a s e  in  p ig  l i v e r )  
f o r  u se  in  m ixed enzyme a s s a y s  w ith  t h e  enzym es o f  P .c y c lo p iu m  as t h e  p ig  
l i v e r  enzymes a re  f a i r l y  e a sy  co i s o l a t e ,  and  la r g e  am ounts o f  iso m e ra se  
w ere  needed  to  a s s a y  f o r  th e  p r im a ry  t r a n s f e r a s e  o f  P .c y c lo p iu m . 
P e n i c i l l i w  c y c lo p iu m  grown on c o rn  s t e e p  l i q u o r  p ro d u c e s  la r g e  am ounts 
o f  m ycelium  ( b u t  l i t t l e  CA). T h e r e fo r e  th e  q u e s t io n  a r i s e s  a s  t o  w h e th e r  
o r  n o t th e  p r e n y l  a r y l  t r a n s f e r a s e  (S ) w ould b e  p r e s e n t  i n  su c h  a  c u l t u r e .  
I f  i t  w ere p r e s e n t  i n  la r g e  q u a n t i t i e s  th e n  i t  w ould be t h e  p r e f e r r e d  
m ethod f o r  p ro d u c in g  la r g e  am ounts o f  th e  enzym e. T h is  w ould a l s o  have  
i m p l ic a t io n s  c o n c e rn in g  th e  c o n t r o l  o f  th e  s e c o n d a ry  m e ta b o l i te  p ro -





In  o r d e r  t o  a s sa y  f o r  th e  s e c o n d a ry  t r a n s f e r a s e ,  t h e  i s o l a t i o n  o f  one  o f  
i t s  s u b s t r a t e s  c y c J o - a c e t o a c e ty l - L - t r y p to p h a n y l  ( th e  o th e r  i s  
d im e th y l a l ly I p y ro p h o s p h a te  w h ich  was s y n th e s is e d  from  
i s o p e n t  e n y lp y ro p h o s p h a te  " = '" r  ,lV'' 'r  and
a l l y  form ed a g r e a t  p a r t  o f  t h i s  w ork. A tte m p ts  a t  i n c r e a s in g  th e  y i e l d s  
o f  e y e J o - a c e to a c e ty l - L - t r y p to p h a n y l  w ere  t o  be  made, b a sed  on th e  p r i n ­
c i p l e  t h a t  i n h i b i t i o n  o f  t h e  enzyme B -h y d ro x y -B -m e th y lg lu ta ry l Coenzyme 
A r e d u c ta s e  u s in g  C l o f ib r a t e  (a  d ru g  u se d  in  th e  s u p p r e s s io n  o f  c h o le s ­
t e r o l  s y n th e s i s )  s h o u ld  t h e o r e t i c a l l y  le a d  to  an i n c r e a s e  in  th e  amount 
o f  c y c J o - a c e t o a c e ty l - L - t r y p to p lw n y l .
C H A PT E R  2
M A TERIA LS AND METHODS
2 .1  C u l tu r e  M edium
(A) M inim al medium
The medium was a d a p te d  from  th e  m in im al medium p r e v io u s ly  d e s c r ib e d  by 
N e e th l in g  & Mc G ra th (1 9 7 6 ) . One l i t r e  o f  t h e  medium c o n s i s t s  o f  th e  f o l ­
lo w in g  m a c ro n u 't r ie n ts  i n  g ;






fo l lo w in g  m ic r o n u t r i e n ts  in  mg: 
Na2B40 7 ,H 20
(fW 07 ° 2 4 '4il2 5




The pH was a d ju s te d  t o  5 .6  -  5 .9  u s in g  MCI, th e n  100m£ a l i q u o t s  o f  th e  
medium w ere m easu red  i n t o  500 ml E r len m e y er  f l a s k s  end lo o s e ly  s e a l e d  w ith  
a lu m in iu m  f o i l ,  T htise w ere  th e n  s t e r i l i s e d  a t  15 l b s ,  121eC f o r  15 m in. 
I t  was fo u n d  t h a t  t h e  f l a s k s ,  c o n ta in i n g  medium, c o u ld  be a u to c le v e d  
w i th o u t  c a r o io l iz a t io n  o r  p r e c i p i t a t i o n  o f  th e  n u t r i e n t s  o r  a l t e r a t i o n  o f  
th e  pH, i f  t h e  s team  p r e s s u r e  was r e l e a s e d  r a p i d l y ,  w ith  c a r e  b e in g  ta k e n  
t h a t  t h e  medium d id  n o t  b o i l .
(B) CSLp medium
C'SL was u se d  in  some e x p e r im e n ts  as an a l t e r n a t i v e  n i t r o g e n  s o u r c e  to  
NaNOg The m in im al medium was made up a s  i n  (A) a b o v e , b u t  th e  NaNO^ was
/ .e p la c e d  by 3% (w /v ) CSL. The CSL medium was th e n  t r e a t e d  in  th e  same way
a s  th e  m in im al medium in  (A) above.
2 .2 a  S to ra g e  o f  PeniciM ium  c y c lo p iu m
S p o re s  o f  P e n i c i l 1 ium c y c lo p iu m  W e s t l in g  CSIR 1062 w ere  s to r e d  in  l i q u i d  
n i t r o g e n  f o r  u se  a s  s t a r t i n g  m a te r ia l  f o r  th e  in o c u lu m . C u l tu re s  w ere 
removed from  l iq u i d  n i t r o g e n  and a llo w ed  t o  thaw  a t  room te m p e r a tu re .  
S p o re s  w ere a s e p t i c a l l y  t r a n s f e r r e d  from  th e s e  c u l t u r e s  t o  m a lt  a g a r  
p l a t e s  and in c u b a te d  a t  25eC f o r  se v en  d a y s . A f t e r  sev en  d a y s s p o r e s  w ere 
c o l l e c t e d  from  th e  m a lt a g a r  p l a t e s  and a s e p t i c a l l y  t r a n s f e r r e d  to  m in im al 
medium a g ar  p l a t e s  and in c u b a te d  a t  25°C f o r  se v en  to  f o u r t e e n  d a y s . 
M inim al medium a g a r  i s  made from  m in im al medium ( 2 ,1 )  w ith  1» a g a r  added .
S to ck  c u l tu r e s  w ere  p r e p a re d  u s in g  m inim al medium w i th  th e  a g a r  o m i t te d .  
The s o lu t io n  was a u to c le v e d  a s  above and once  c o o l was a e r a te d  on a  s h a k e r  
f o r  a p p ro x im a te ly  one h o u r . A s e p t i c a l l y  2 mt o f  t h i s  medium was p ip e t t e d  
i n t o  v i a l s  and th e  v i a l s  i n o c u la t e d  w ith  s p o r e s  from  th e  m in im al medium 
a g a r  p l a t e s ,  The v i a l s  w ere  in c u b a te d  a t  25°C in  a w e l l  h u m id i f ie d  room. 
A f t e r  a p p ro x im a te ly  10 d a y s th e  s u r fa c e  o f  th e  medium was w e l l  co v ered  
w ith  m y c e lia l  mat and s p o r e s .  The mat and sp o r e s  w ere  w e l l  w ashed , by 
d e c a n ta t i o n  w ith  s t e r i l e  d i s t i l l e d  w a te r ,  b e fo r e  b e in g  d r i e d  u n d e r  v a c ­
uum, and s to r e d  a t  e i t h e r  5 °C , -7 0 eC o r  -180°C .
2 .2 b  P r e p a r a t io n  o f  t h e  In o c u lu m , a n d  G ro w th , o f  P en ic llllu m  c y c lo p iu m
I n o c u la t io n :  The d r i e d  m y c e lia l  m et ( 2 .2 a )  was f lo o d e d  w ith  a p p ro x im a te ly  
5mt o f  s t e r i l e  medium, u s in g  a s e p t i c  te c h n iq u e s .  The medium now c o n ta in in g  
th e  s l a n t  was added ba ck  to  t h e  c u l t u r e  medium in  t h e  E rlen m e y er f l a s k  
and hom ogenised  u s in g  an U l t r a  T u r re x . The f l a s k  c o n ta in in g  th e  s l a n t  was 
th e n  p la c e d  on a r o t a r y  s h a k e r  (New B runsw ick  m odel G10 g y r a to r y  2 "  o r b i t )
r e p la c e d  by 3» (w /v ) CSL. The CSL medium was th e n  t r e a t e d  in  t h e  same way
a s  th e  m in im al medium in  (A) above.
2 .2 a  S to ra g e  o f  P e n ic illiu m  c y c lo p iu m
S p o re s  o f  P e n ic iJ J iu m  c y c lo p iu m  U e s t l in g  CSIR 1062 w ere  s to r e d  i n  l i q u i d  
n i t r o g e n  f o r  u s e  as s t a r t i n g  m a te r ia l  f o r  t h e  in o c u lu m . C u l tu re s  w ere  
removed from  l iq u i d  n i t r o g e n  and a llo w ed  to  thaw  a t  room te m p e r a tu re .  
S p o re s  w ere a s e p t i c s l l y  t r a n s f e r r e d  from  t h e s e  c u l t u r e s  t o  m a l t  a g a r  
p l a t e s  and in c u b a te d  a t  25°C f o r  se v en  d a y s . A f t e r  se v en  days s p o r e s  w ere 
c o l l e c t e d  from  th e  m a lt a g a r  p l a t e s  and a s e p t i c a l l y  t r a n s f e r r e d  t o  m in im al 
medium a g a r  p l a t e s  and in c u b a te d  a t  25°C f o r  sev en  to  f o u r t e e n  d a y s . 
M inim al medium a g a r  i s  made from  m in im al medium ( 2 .1 )  w ith  1% a g a r  added .
S to ck  c u l tu r e s  w ere p r e p a re d  u s in g  m inim al medium w ith  th e  a g a r  o m it te d .  
The s o lu t io n  was e u to c ls v e d  a s  above and once  c o o l was a e r a t e d  on a s h a k e r  
f o r  a p p ro x im a te ly  one h o u r .  A s e p t i c a l l y  2 mi o f  t h i s  medium was p ip e t t e d  
i n t o  v i a l s  and th e  v i a l s  i n o c u la t e d  w ith  s p o r e s  from  th e  m in im al medium 
a g a r  p l a t e s .  The v i a l s  w ere  in c u b a te d  a t  25°C in  a w e l l  h u m id i f ie d  room. 
A f t e r  a p p ro x im a te ly  10 days th e  s u r f a c e  o f  th e  medium was w e l l  co v ered  
w ith  m y c e lia l  mat and s p o r e s .  The mat and s p o r e s  w ere  w e l l  w ashed , by 
d e c a n ta t i o n  w ith  s t e r i l e  d i s t i l l e d  w a te r ,  b e fo r e  b e in g  d r i e d  u n d e r  v a c ­
uum, and s to r e d  a t  e i t h e r  56C, -7 0 6C o r  -1 8 0 BC.
2 .2 b  P r e p a r a t io n  o f  t h e  In o c u lu m , a n d  G ro w th , o f  P e n ic illiu m  c y c lo p iu m
I n o c u la t io n :  The d r ie d  m y c e li a l  m at ( 2 .2 a )  was f lo o d e d  w ith  a p p ro x im a te ly  
5mE o f  s t e r i l e  medium, u s in g  a s e p t i c  te c h n iq u e s .  The medium now c o n ta in in g  
th e  s l a n t  was added back  to  t h e  c u l t u r e  medium in  th e  E rlen m e y er f l a s k  
and hom ogenised u s in g  an U l t r a  T u r re x .  The f l a s k  c o n ta in in g  th e  s l a n t  was 
th e n  p la c e d  on a r o t a r y  s h a k e r  (New B runsw ick  model G10 g y r a to r y  2 "  o r b i t )  
s t  180 rpm and 25 6C.
G row th: The above c u l tu r e  was a llo w ed  to  grow f o r  a p p ro x im a te ly  72 h o u rs  
nnd was u se d  a s  th e  p r im a ry  in o c u lu m . T h is  p r im a ry  inocu lum  was th e n  
hom ogenised  w ith  an U l t r a  T u r re x  ajid 5mZ a l i q u o t s  o f  th e  homogenave w ere 
u se d  t o  s u b - in o c u la t e  100ml b a tc h e s  o f  f r e s h  medium- T hese  f l a s k s  w ere  
th e n  sh a k en  a t  180 rpm a t  25°C f o r  v a r io u s  tim e s  depend ing '"on  th e  e x p e r -
2 .3 a  E x t r a c t io n  o f  M e tab o lite s  o f  P e n ic illiu m  c y c lo p iu m
CA and in te r m e d ia te s  o f  i t s  b io s y n t h e s i s  w ere  i s o l a t e d  from  c u l t u r e s  o f  
P .cy cJ o p iu m  u s in g  tw o m ethods. M ethod 1 was u se d  p r im a r i l y  t o  o b ta in  
cA A trp and a -e n d  fl-CA w h i l s t  m ethod 2 a s  w a l l  a s  e x t r a c t i n g  th e  above a ls o  
e x t r a c t e d  th e  more p o la r  t r p - x  a n d -y . In  b o th  p r o c e d u re s  th e  m ycelium  
and medium w ere  s e p a r a t e d  by f i l t r a t i o n .
M ethod 1
F i l t r a t e :  A p p ro x im a te ly  60mt o f  f i l t r a t e  was o b ta in e d  from  each  f l a s k ,  
t o  w hich  was ad d ed : 50ml o f  c h lo ro fo rm  and 2ml 2M HG1. T h is  was th e n  
sh a k en  a t  180 rpm f o r  30 enin, t h e  aqueous and o r g a n ic  l a y e r s  w ere  th e n  
s e p a r a t e d  by c e n t r i f u g a t i o n  a t  2000 rpm f o r  te n  min and th e  c h lo ro fo rm  
l a y e r  ren .3ved . The c h lo ro fo rm  la y e r  was w ashed w ith  tw o 20n>e p o r t io n s  
o f  0.75M  ammonia and  i n  e a c h  c a s e  t h e  aqueous la y e r  r e t a i n e d .  T hese  
aqueous l a y e r s  w ere  a c i d i f i e d  and w ashed w ith  two 10ml p o r t i o n s  o f  
c h lo ro f o r m . The c h lo ro fo rm  c o n ta in i n g  th e  m e ta b o l i te s  was th e n  ta k e n  to  
d r y n e s s  u s in g  a r o t a r y  e v a p o r a to r .
M ycelium : The m y c e lia  w ere  s t i r r e d  i n to  SOroE o f  c h lo ro fo rm  and 0 .5m l 
c o n c e n t ra te d  HC1 and w ere th e n  m a ce ra te d  u s in g  an U l t r a  T u rre x  and th e  
hom ogenflte sh a k en  f o r  30 m in . The c h lo ro fo rm  was th e n  a s p i r a t e d  o f f  and 
t r e a t e d  in  t h e  m anner d e s c r ib e d  a b o v e .
M ethod 2
F o r  e a c h  f l a s k  th e  f i l t r a t e  was ta k e n  down to  d r y n e s s  u s in g  s 
'e p o r a to r  and th e  r e s id u e  re su sp e n d ed  in  10m< o f  m e th a n o l .  The 
in s o l u b le  m a te r i a l  was removed by f i l t r a t i o n .
80ml o f  m e th an o l was added to  th e  m ycelium  w h ic h  was th e n  
t h i s  hom ogenate  was th a n  sh a k en  e t  180 rpm f o r  30 m in , and 
a n o l vc.a f i l t e r e d  o f f .
p a r a t io n  o f  M e ta b o lite s  o f  P en ic illlu m  c y c lo p lu m
A: T h in  L ayer C h rom atog raphy  ( t . l . c . )
M erck F254 f lu o r e s c e n t  s i l i c a  g e l  t h in  la y e r  p l a t e s  (0 .2 5  mm t h i c k )  w ere  
u se d  to  s e p a r a t e  t h e  m e ta b o l i t e s .  The m e ta b o l i te s  w ere  e i t h e r  s t r e a k e d  
o r  s p o t t e d  o n to  th e  p l a t e  w hich  was th e n  ru n  in  a r  
e th y la c e ta te /m e th a n o l/a ra ra o n ia -2 5 %  ( 2 0 :5 :3  by v o l)  sy s te m . I d e n t i f i c a t i o n
1; u . v .  l i g h t :  th e  p l a t e s  w ere  s c an n e d  u n d e r  254nm l i g h t  and b ands o f
2 ; E h r l ic h  s p r a y :  ( S ta h l  1965) I g  4 -d im e th y la m in o  b e n z a ld e h y d e  was d i s ­
s o lv e d  in  25ml c o n c e n t ra te d  HC1 t o  w hich was added 75m£ o f  96% e th a n o l .
The E h r l ic h  s p r a y  i n t e r a c t s  w i th  th e  in d o le  r in g s  c a u s in g  them  t o  be d e ­
s t r o y e d  and th e  m e ta b o l i te s  c a n n o t bo re c o v e re d  t o  a s s a y .  H owever w ith  
u .v .  l i g h t  th e  bands c an  b e  s c ra p e d  o f f  and m easured  q u a n t i t a t i v e l y  i n  a 
s p e c tr o p h o to m e te r .  As t h e  u . v .  l i g h t  h ig h l i g h t s  any m o le c u le  a b s o rb in g  
a t  254nm t h i s  m ethod m ust b e  u se d  i n  c o n ju n c t io n  w i th  E h r l ic h  s p r a y  in  
o r d e r  t o  p ic k  up o n ly  th e  m o le c u le s  o f  i n t e r e s t .
The v a r io u s  m e ta b o l i t e s ,  a f t e r  s e p a r a t i o n ,  w ere  e x t r a c t e d  from  th e  s i l i c a  
g e l  w ith  m e th a n o l , and t h e  c o n c e n t r a t io n  was d e te rm in e d  
s p e c t r o p h o to m e tr ic a l l y  by r e a d in g  a t  ZflOnm u s in g  a m e th an o l b la n k .  The
F i l t r a t e ;  F o r  e ac h  f l a s k  th e  f i l t r a t e  was ta k e n  down to  d r y n e s s  u s in g J a  
r o t a r y  e v a p o r a to r  and th e  r e s i d u e  r e su sp e n d ed  in  lOmt o f  m e th a n o l . T he. 
m e th an o l i n s o l u b le  m a te r i a l  was removed by f i l t r a t i o n .
M ycelium : 80ml o f  m e th an o l was added to  th e  m ycelium  w h ich  was ’th e ft 
h om ogen ised , t h i s  hom ogenate  was th e n  sh a k en  a t  160 rpm f o r  30 m in , . A d  
th e  m e th an o l was f i l t e r e d  o f f .  1
2 .3 b  S e p a ra t io n  o f  M e ta b o lite s  o f  P en ic illlum  c y c lo p iu m  .0
A: T h in  L ayer C h rom atog raphy  ( t . l . c . )  /
M erck F 2S6 f lu o r e s c e n t  s i l i c a  g e l  t h in  la y e r  p l a t e s  ( 0 .2 5  m m -tb ick ) w ere  
u se d  to  s e p a r a t e  th e  m e ta b o l i t e s .  The m e ta b o l i te s  w ere  e i t f iS C  s t r e a k e d  
o r  s p o t t e d  o n to  t h e  p l a t e  w hich was th e n  .t^ h . i n  an 
a th y la e e ta te /m e th a n o l/a m n io n ia -2 5 %  ( 2 0 :5 :3  by v o l)  sy s te m ,. . ' I d e n t i f i c a t i o n  
o f  th e  m e ta b o l i te s  on th e  p l a t e  was done by a c o m b in a t io n  .6%;tw o m e th o d s.
1 ; u .v ,  l i g h t :  t h e  p l a t e s  w ere  s c an n e d  u n d e r  2S4nm l ig h t y a n d  b ands o f  
a b so rb a n c e  m arked
2 ; E h r l ic h  s p r a y :  ( S t a h l  1965) I g  4 -d im e th y la m in o  b e n z a ld e h y d e  was d i s ­
s o lv e d  in  25ml c o n c e n t ra te d  HC1 t o  w hich was added  75ml o f  96% e th a n o l .
T he E h r l ic h  s p r a y  i n t e r a c t s  w i th  t h e  in d o le  r in g s  c a u s in g  them  t o  b e  d e -  
s t r o y e d  and th e  m e ta b o l i te s  c a n n o t b e  r e c o v e re d  t o  a s s a § .  However w ith  
u .v .  l i g h t  t h e  b ands can  b e  s c ra p e d  o f f  and m easu red  q u a n t i t a t i v e l y  i n  a 
s p e c tr o p h o to m e te r .  As th e  u .v ,  l i g h t  h ig h l i g h t s  any  m o le c u le  a b so rb in g  
a t  254no t h i s  m ethod m ust b e  u se d  i n  c o n ju n c t io n  w i th .E h r l i c h  s p r a y  in  
o r d e r  t o  p ic k  up o n ly  t h e  m o le c u le s  o f  i n t e r e s t ,  ■
The v a r io u s  m e ta b o l i t e s ,  a f t e r  s e p a r a t i o n ,  w ere  e x t r a c t e d  from  th e  s i l i c a  
g e l  w ith  m e th a n o l ,  and th e  c o n c e n t r a t i o n  was d e te rm in e d  
s p e c t r o p h o to m e tr ic a l l y  by  r e a d in g  a t  280nm u s in g  a m e th an o l b la n k .  The
l o g  m o lar e x t i n c t i o n  c o e f f i c i e n t  i s  4 .3 1 ,  and th e  c o n c e n t r a t i o n  c a lc u ­
l a t e d  from  t h i s .
B: Column C h rom atog raphy
Sam ple: The m e ta b o l i te s  u e re  e x t r a c t e d  a s  p r e v io u s ly  m e n tio n e d . A fte r  
b e in g  ta k e n  t o  d r y n e s s  on th e  r o t a r y  e v a p o r a to r  th e  e x t r a c t  w as r e s u s ­
pended  in  CUml c h lo ro fo rm . T h is  was th e n  d is p e n s e d  in  1ml a l i q u o t s  i n to  
60 v i a l s ,  t a k e n  to  d r y n e s s  in  a d e s i c c a t o r  a n d  s to r e d  i n  a -20°G  f r e e z e r .  
The v i a l s  w ere  rem oved a s  needed  and t h e  d r i e d ,  e x t r a c t  rfe su spended  in  
5mt c h lo ro f o r m . . .
Column P a c k in g s  and T ech :.*ques.
V ar io u s  colum n p a c k in g s  and te c h n iq u e s  w ere  U sed in  an a t te m p t t o  s e p a r a t e  
cAACrp from  t h e  o th e r  s e c o n d a ry  m e ta b o l i te s  o f  P .c y c lo p iu m  :
XAD-2: A m b e rli te  XAD-2 ( a m b d r l i t e  r e g i s t e r e d  tr a d e m a rk  o f  Rohn and 
H aas s u p p l i e d  by  Sigm a) i s  a non io n i c  p o ly m e r ic  a d s o rb e n t  ( s e e  d i s ­
c u s s io n )  and i s  a copo lym er o f  s ty r e n e  and d iv in y lb e n z e n e .  The XAD-2 
was w ashed in  d i s t i l l e d  w a te r  and th e  f i n e s  rem oved . The XAD-2 was 
su sp e n d ed  in  d i s t i l l e d  w a te r  and th e n  p o u red  in to  a W rig h t colum n(30 
by 15cm ). The celunin was e q u i l i b r a t e d  u s in g  d i s t i l l e d  w a te r  pumped 
by an LKB v a r io p e r p c x  pump a t  Im l/m in . The sa m p le  was added t o  th e  
colum n v i a  th e  pump and f r a c t i o n s  o f  v a r io u s  s i z e s ,  d e p en d in g  on th e  
e x p e r im e n t , c o l l e c t e d .  The colum n was e lu t e d  u s in g  v a r io u s  co n ce n ­
t r a t i o n s  o f  m e th an o l ( s e e  f i g u r e s  12 , 13 and 14 in  th e  R e s u l t s  s e c ­
t i o n )  , A t t h e  end o f  eac h  run  th e  colum n was w ashed  w ith  50mf o f  100% 
m e th an o l f o llo w e d  by 50ml o f  p ro p a n o l and f i n a l l y  50ml o f  d i  t i l l e d
w a te r .
S i l i c a  g e l :  S i l i c a  g e l  i s  a  p o l a r  a d s o rb e n t  and was u se d  p r im a r i l y  
b e c a u se  o f  t h e  e x c e l l e n t  s e p a r a t i o n  o f  t h e  m e ta b o l i te s  on th in  la y e r  
p l a t e s .  A W rig h t colum n (30  by  15 cm) was p a ck e d  u s in g  M erck s i l i c a
g e l , K ie s e lg e l  60 , 70 • 230 m esh . The colum n was e q u i l i b r a t e d  u s in g
e th y la c e ta te /a m m o n ia /m e th a n o l  a t  9 5 :2 .5 :2 .5  ( v / v / v ) . The co lum n was
e lu t e d  i s o c r a t i c a l l y  a t  e i t h e r  Im l/m in  o r  O .Sm l/m in . (See  f i g u r e  16 in  
th e  r e s u l t s  s e c t i o n )  S ephadex  G10 : Sephadex G10 i s  a low w a te r  r e g a in  
d e x t ra n  g e l and was u se d  n o t  o n ly  f o r  i t s  s i e v in g  e f f e c t s , b u t  a l s o  f o r  
i t s  i o n i c  end a ro m a tic  i n t e r a c t i o n s  ( s e e  d i s c u s s i o n ) . A W righ t colum n 
(30 by  15 cm) was packed  w ith  Sephadex  G10. The Sephadex was a llo w e d  to  
s w e l l  and th e n  d e g a s se d  and p o u red  i n t o  th e  column u s in g  s  g la s s  ro d  to  
p r e v e n t  a e r a t i o n .  The column was e q u i l i b r a t e d  f o r  24 h o u rs  u s in g  d ; s t i l l e d  
w a te r ,  pumped a t  Iro t/m in  u s in g  an LKB v a r io p e r p e x  pump. The s a m p le  was 
added  to  th e  colum n v ia  th e  pump.
V a rio u s  b u f f e t s  w ere  used  to  e l u t e  t h e  sa m p le , and t h e i r  c o n s t i t u t i o n  can 
b e  s e e n  in  th e  r e l a t e d  f i g u r e s  ( f i g  17 -  23) in  th e  R e s u l t s  s e c t i o n
2 .4  F 'i ry m e  A s s a y s  f o r  P e n ic illiu m  c y c lo p iu m  a n d  Pig L iv e r .
One u n i t  o f  enzyme a c t i v i t y  i s  d e f in e d  a s  t h a t  amount w hich  c a u s e s  th e  
t r a n s f o r m a t io n  o f  1 .Oymol o f  s u b s t r a t e  p e r  m in u te  a t  25°C. The S p e c i f i c  
A c t iv i t y  i s  d e f in e d  a s  th e  number o f  enzyme u n i t s  p e r  mg o f  p r o t e i n .
Enzyme a s s a y s  w ere  c a r r i e d  o u t  u s in g  [ l - ^ C l  i s o p e n te n y lp y ro p h o s p h a te ,  
2 0 0 #  c o n ta in i n g  10 m ic r o c u r ie ,  s u p p li e d  by Amersham U.K. The in c u b a t io n  
te m p e r a tu re s  w ere  25°C ; 30°C o r  37°C o r  a s  shown in  th e  r e s u l t s .
The in c u b a t io n  ouvium  f o r  b o th  th e  is o m e ra s e s  ( i . e .  P .c y c lo p iu m  and p ig  
. i v e r )  w as: lOmM TRIS HC1 pH 6 ; 5 |im oles ttnSO^ ; 59 .4 3 n  m oles | 1 - U C] IPP , 
110 000 dpm in  one m i.
iThe in c u b a tio n  medium f o r  b o th  t h e  t r a n s f e r a s e s  ( i . e .  P .cy cJ o p iu m  and p ig  
l i v e r )  w as: lOmM TRIS HC1 pH 7 .6 ;  Sum oles M g S C y ^ O ; S 9 .4 3 n  m oles
( l - ^ C )  IPP , 110 000 dpm 5 0 u t p u r i f i e d  iso m e ra se  i n  one m t.
The in c u b a tio n  medium f o r  th e  s e c o n d a ry  t r a n s f e r a s e  w as: lOmM TRIS HC1 
pH 6 .4 ;  Sym oles HnSO^ ; 5 9 .4 3 n  m oles [ 1 - 26C] IPP 110 000 dpm; SOyl p u r i ­
f i e d  iso m e ra se ; 7 .5 v g  p u r i f i e d  cAA trp in  one  m t.
The a s s a y  mediums w ere  in c u b a te d  f o r  5 m in . once  th e  sam p le  was added , 
o r  in  th e  c a se  o f  th e  t r a n s f e r a s e  a s s a y ,  once  th e  iso m e ra se  was added , 
a s  th e  t r a n s f e r a s e  c o u ld  n o t  be a s sa y e d  f o r  w ith o u t  th e  i s o m e r a s e . ( s e e  
f ig u r e  5 ) .
On c o m p le t io n  o f  th e  i n c u b a t io n  p e r io d ,  th e  r e a c t i o n  was s to p p e d  by th e  
a d d i t io n  o f  a few d ro p s  o f  c o n c e n tra te d  HC1 s a t u r a t e d  w ith  M g S O ^ ^ O  . 
T o luene  (lm <) c o n ta in i n g  g e r a n i o l ,  n e r o l i d o )  and f a m e s o l  eac h  a t  1% v /v  
t o  t o lu e n e ,  was added  t o  each  a s s a y  tu b e  t o  e x t r a c t  th e  p r o d u c t ,  T h is  
m ix tu re  was a g i t a t e d  b r i e f l y .  The s o lu t io n s  w ere  th e n  c e n t r i f u g e d  a t  2000 
rpm- f o r  5 min t o  b r e a k  th e  s u s p e n s io n . A 0 .5m l sam p le  o f  th e  to lu e n e  
la y e r  in  each tu b e  was ta k e n  and added  to  6 .5m l a l i q u o t s  o f  t o lu e n e  c o n ­
t a i n i n g  0.4% PPO. R a d io a c t i v i t y  was m easured  in  a Beckman LS 250 s c i n ­
t i l l a t i o n  c o u n te r ,  The se c o n d a ry  t r a n s f e r a s e  was a s sa y e d  in  th e  same 
m anner as d e s c r ib e d  a b o v e , e x c e p t t h a t  t h e  0 .5m l t o lu e n e  la y e r  sam p le  was 
s tr e a k e d -o n to  a t . . l . c .  p l a t e  and d e v e lo p e d  a s  d e s c r ib e d  ( 2 .3 b ) .  The s i l i c a  
g e l  bands c o n ta in in g  a -  and B-CA w ere  th e n  s c ra p e d  o f f  and th e  r a d i o ­
a c t i v i t y  c o u n te d .
2 .5 .1  E nzym e P u r if ic a t i o n  f o r  P e n ic illiu m  c y e lo p iu m  a n d  P ig  L iv e r
' ■'•••'..a f o r  e x t r a c t i n g  enzym es from  b o th  P .c y e lo p iu m  and  p ig  l i v e r  t.
h c i l a r ,  C o.ntai: in g  t h e  f o l lo w in g  in  1L o f  d i s t i l l e d  w a te r :
■0 —  P —  0 —  P —  OH • _ 0  —  P —  0 —  P  —  OHII II
TRIS HC3 lOmM 
DTE IrnM
EDTA ImM
The TRIS, HC1 pH f o r  P .cy cJ o p iu m  was 7 .2  and f o r  p ig  l i v e r  was 7 .6
F o r  P .cyc .lop ium  m y c e lia  w ere  s e p a r a t e d  from  th e  c u l tu r e  m edia by 
f i l t r a t i o n .  M y c e lia l m a ts v e re  rem oved from  th e  B uchner tu n n e l  a f t e r  
f i l t r a t i o n  and im m ersed in  an a c e to n e /d r y  i c e  s o lu t io n  and a llo w e d  t o  thaw  
up t o  room te m p e r a tu re  (a p p ro x . 120 m in ) .T h e  m y c e lia  w ere  th e n  s e p a r a t e d  
from  th e  a c e to n e /d r y  ic e  s o lu t io n  by f i l t r a t i o n  and a llo w ed  t o  d r y .  The 
d ry  m y c e lia  w ere th e n  c ru sh e d  u s in g  a m o r ta r  and p e s t l e  and th e  r e s u l t i n g  
pow der s to r e d  a t  -20  C u n t i l  n e ed e d . O th e r  m ethods o f  m y c e li a l  d i s r u p t io n  
u se d  w ere  th e  W aring b le n d e r  and th e  P o t te r - E lv e h je m  h o m o g e n ise r . However 
u s in g  th e  same e x t r a c t io n  m edia th e s e  w ere found  n o t t o  be s u i t a b l e  ( s e e
F o r  p ig  l i v e r ,  th e  l i v e r s  o f  f r e s h ly  s la u g h te re d  p ig s  w ere  s u p p l i e d  as 
g i f t s  by th e  K ru g e rsd o rp  a b a t t o i r , 300g o f  th e  l i v e r  was d ic e d  i n t o  sm a ll 
c u b es (ap p ro x  2-.m by 2cm) and hom ogenised  in  a W aring b le n d e r  in  c o ld  
e x t r a c t io n  medium.
2 .5 ,2  C e n tr i f u g a t io n
F o r  p ig  l i v e r  th e  hom ogenate  was c e n t r i f u g e d  a t  163QOg f o r  20 min a t  
5 °C , th e  s u p e r n a ta n t  was th e n  a s p i r a t e d  o f f  and c e n t r i f u g e d  a g a in  a I. 46 
200g f o r  3 h o u rs  a t  5°C . E xcess f a t  was removed by f i l t r a t i o n  th ro u g h  
i .o t to n  w oo l. F o r P .cy cJ o p iu m  th e  a c e to n e /d r y  pow der was r e c o n s t i t u t e d  in  
e x t r a c t io n  medium and c e n t r i f u g e d  as above.
T h e r e a f t e r  th e  P .cy cJ o p iu m  and p ig  l i v e r  e x t r a c t s  w ere t r e a t e d  s i m i l a r l y ,  
a s  d e s c r ib e d  in  th e  f o l lo w in g  s e c t i o n s .
2 .5 .3 .  A m m onium  S u lp h a te  F r a c t io n a te d  S am ples
The c ru d e  enzymes (fro m  2 .5 .1 )  w ere f r a c t i o n a t e d  w ith  ammonium s u lp h a te  
in  th e  c o n c e n t r a t i o n  ra n g e s  0-30%; 30-40%; 40-50%; 5 0 -6 0 *  and f i n a l l y  
60-70% . The p r e c i p i t a t e d  p r o t e i n  b e in g  c e n t r i f u g e d  down in  each  
f r a c t i o n a t i o n  ra n g e  a t  48000g f o r  15 min a t  2 8C. The p r e c i p i t a t e  was r e ­
su sp e n d ed  in  t h e  e x t r a c t i o n  meu'-im and th e n  d ia ly s e d  a g a in s t  e x t r a c t i o n  
medium f o r  1.6 h o u rs  (2  medium c h a n g e s ) .
2 .5 .4  Non A m m onium  S u lp h a te  F r a c t io n a te d  Sam ples
The f i n a l  s u p e r n a ta n t  from  e i t h e r  P .cy cJ o p iu m  o r  p ig  l i v e r  was n o t  t r e a t e d  
w ith  ammonium s u lp h a t e  b u t was in s t e a d  d ia ly s e d  a g a in s t  s o l i d  s u c ro s e  
f o r  4 -5  h o u r s .  A f t e r  t h i s  th e  d i a l y s i s  s a c  was t i g h t e n e d  end th e  
s u p e rn a ta n t  d ia ly s e d  a g a in s t  e x t r a c t i o n  medium f o r  16 h o u rs  (2  c h an g e s) 
and th e  c o n c e n t ra te d  d i f f u s a t e  was th e n  s to r e d  in  5m£ a l i q u o t s  a t  -20°C .
2 .5 .5  Gel C h r o m a to g r a p h y  o f  th e  E n zy m es o f  P e n ic illiu m  c y c lo p iu m  a n d  
P ig  L iv e r
The g e l  f i l t r a t i o n  c h ro m a to g rap h y  was c a r r i e d  o u t  u s in g  a 120 by 2cm 
co lum n, packed  w ith  U l t r o g e l  AcA 34 h a v in g  a l i n e a r  f r a c t i o n a t i o n  ran g e  
o f  20 000 to  350 000 and an e x c lu s io n  l i m i t  o f  750 000 . The colum n was 
ru n  u nder h y d r o s t a t i c  p r e s s u r e  o f  35 cm.
M ethod 1: The p r o t e i n  sam p le  was ta k e n  from  th e  p r e v io u s  ammonium s u lp h a te  
f r a c t i o n a t i o n s ,  eac h  o f  th e  v a r io u s  f r a c t i o n s  b e in g  a d ju s te d  t o  7ntg/ml 
p r o t e i n  f o r  p u rp o se s  o f  c o m p ar iso n . T h ese  f r a c t i o n s ,  30-40%; 40-50%; 
ii0-60% and 60-70%  w ere  s e p a r a t e ly  d ia ly s e d  and each  f r a c t i o n  was loaded  
and e lu te d  from  th e  column b e f o r e  th e  n e x t  f r a c t i o n  was added . Holoway 
and P op jak  (1968 ) show ed, f o r  p ig  l i v e r  o n ly ,  • - h e  p r im a ry  t r a n s f e r a s e  
p r e c i p i t a t e s  in  f r a c t i o n  40-50% and th e  iso m e ra se  in  f r a c t i o n  60-70%, 
h e n ce  th e  s e p a r a t e  lo a d in g  and ru n n in g  o f  t h e  f r a c t i o n s .  The iso m e ra se  
f r a c t i o n  was ru n  f i r s t  b e ca u se  i t  i s  e a s i l y  a s sa y e d  and th e  t r a n s f e r a s e  
c a n n o t b e  a s sa y e d  f o r  w ith o u t  i t .
M ethod 2 : The w ho le  sam ple  i e .  t h e  s u c ro s e  c o n c e n t r a te d ,  d ia ly s e d
u n f r a c t io n a t e d ,  c e n t r i f u g e d  sam p le , was a d ju s t e d  t o  have  a c o n c e n t ra t io n  
o f  7mg/ml o f  p r o t e i n  and th e n  a sam p le  o f  3 -6 *  o f  t h e  column volum e was 
added  to  th e  co lum n. I t  was found t h a t  c o m p le te  s e p a r a t io n  o f  th e  
iso m e -a se  and t r a n s f e r a s e  co u ld  be o b ta in e d .  In  t h i s  way a la r g e  amount 
o f  enzyme was b u i l t  up w ith o u t r e c o u rs e  t o  ammonium s u lp h a te  
f r a c t i o n a t i o n .
2 .5 .6  Ion E x c h a n g e  C h r o m a to g r a p h y  o f  t h e  E n zy m es  of P en ic llliu m  
c y c lo p iu m  a n d  P ig  L iv e r
A 30 by 0.8cm  colum n packed  w ith  Whatman DE 1.1 was u se d  f o r  th e s e  s e p a ­
r a t i o n s .  The DE 11 was p r e c y c le d  in  o r d e r  to  im prove  th e  r e p r o d u c i b i l i t y
F o r  th e  p r e c y c l i n g  t r e a tm e n t  th e  ion  e x ch a n g er  was s t i r r e d  i n to  15 volum es 
o f  0.5N  HC1 and l e f t  f o r  30 m in, th e  s u p e r n a ta n t  was f i l t e r e d  o f f  u n t i l  
th e  e lu a t e  was a t  pH 4 . The io n  ex ch a n g er was th e n  s t i r r e d  i n to  15 volum es 
o f  0.5N  NaOH and l e f t  f o r  30 m in , t h i s  was th e n  w ashed in  a  fu n n e l u n t i l  
t h e  e l u a t e  was n e a r  n e u t r a l .
The f i n e s  w ere  th e n  rem oved u s in g  th e  fo rm u la  t  = nh w here  t  = tim e  (m in) 
a llo w ed  f o r  s e t t l i n g ,  h  = th e  t o t a l  h e ig h t  o f  t h e  m e asu r in g  c y l in d e r (c m )  
and n i s  a f a c to r  b e tw een  1 .3  and 2 .6 ,  th e  f a c t o r  o f  1 .3  rem oves a l l  f i n e s , 
b u t  can  le a d  to  lo s s  o f  m a t e r i e l ,  w hereas th e  f a c t o r  o f  2 .4  le a d s  t o  r e ­
moval o f  o n ly  t h e  f i n e s t  p a r t i c l e s . An n f a c t o r  o f  1 .8  was u se d  in  th e  
l i n e s  rem ova ls  in  a l l  o f  t h e s e  e x p e r im e n ts . The DEAE was th e n  d e g a s se d  
and packed  i n t o  t h e  co lum n , u s in g  a g la s s  ro d  so a s  n o t  t o  a e r a t e  th e
The column was e q u i l i b r a t e d  by ru n n in g  b u f f e r  a t  5 tim e s  t h e  c o n c e n t ra t io n  
b u t  t h e  same pH a s  th e  s t a r t i n g  b u f f e r  th ro u g h  th e  co lum n, and th e n  
p a s s in g  s t a r t i n g  b u f f e r  th ro u g h  th e  column f o r  24 h o u r s ,
2.5.7 Isoelectric Focusing of the Enzymes of Penicillium cyelopium
O r i g in a l ly  i t  was in te n d e d  t o  f a b r i c a t e  a p p a r a tu s  a lo n g  th e  l i n e s  o f  
V a lm e t's  zone  c o n v e c t io n  e l e c t r o f o c u s in g  a p p a r a tu s  CValmct 1 9 6 9 ), how ever 
t h i s  a p p a r a tu s  c o u ld  n o t  be made w a t e r t i g h t .  Equipm ent was th e n  f a b r i c a t e d  
f o r  u s e  w ith  a BioRad e l e c t r o f o c u s in g  p l a t e .
50g o f  B io L y te  e l e c t r o f o c u s in g  g e l  was s w e l le d  in  IBOOmK o f  d i s t i l l e d  
w a te r  f o r  4 h o u r s .  The h y d rc te d  go ] was th e n  w ashed w ith  10 l i t r e s  o f  
d i s t i l l e d  w a te r ,  on Whatman 6 )  f i l t e r  p a p e r  in  a la r g e  B uchner f u n n e l .  
A f t e r  w ash in g  th e  g e l  was t r a n s f e r r e d  t o  a 2L g la s s  b e a k e r  u s in g  th e  
minimum am ount o f  d i s t i l l e d  w a te r .  The g e l  was a llo w ed  t o  s e t t l e  o v e r ­
n ig h t  and e x c e s s  w a te r  was th e n  a s p i r a t e d  o f f .  The g e l  was th e n  s to r e d  
a t  &°C, 5mt o f  c h lo ro fo rm  b e in g  added to  a c t  a s  a p r e s e r v a t iv e .
200rot o f  th e  g e l was m ixed w ith  v a r io u s  a m p h o lin e s  t o  g iv e  s o lu t io n s  o f  
3%. E le c t r o f o c u s s i n g  w ic k s  w ere  c u t  t o  s i z e ,  p la c e d  a t  t h e  ends o f  th e  
p l a t e  and wee w ith  d i s t i l l e d  w a te r .  150ml o f  th e  g e l /a m p h o lin e /s a m p le  
s o lu t io n  was th e n  p o u red  in to  th e  p l a t e .  F i l t e r  p a p e r  s q u a re s  w ere  p la c e d  
on th e  e l e c t r o f o c u s s in g  w icks and th o  e x c e s s  m o is tu re  draw n o f f .  The a p ­
p a ra tu s , was th e n  run  a t  500 v o l t s  15 m il lia m p s  (VQKAM 500 /1 5 0  pow er pa ck ) 
o r  8 w a t t s  (B ioR ad pow er p o ck ) o v e rn ig h t .
Sam ple: The sam ple  was p re p a re d  by ta k in g  th e  enzymr s o lu t io n  ( r e c o n s t i ­
t u t e d  pok’d e r  s e e  2 .5 .2 )  and d ia l y s ln g  a g a in s t  lOmM ’’RIS HC3 pH 7 .2 ,  ImM 
DTE f o r  16 h o u r s ,  The non d i f f u s a b le  m a te r ia l  was th e n  a d ju s te d  t o  
50mg/mt and 4ml a l i q u o t s  o f  t h i s  w ere  th e n  ly o p h i l i s e d .  The ly o p h i l i s e d  
sa m p le  was added to  th e  g a l ,  p r i o r  t o  p o u r in g  th e  bed .
H a r v e s t in g :  A f t e r  r u n n in g , th e  bed was ch ec k ed  v i s u a l l y  f o r  bands and
th e n  a 30cm s t r i p  o f  f lu o r e s c e n t  s i l i c a  g e l on a m y la r b a c k in g  was i n ­
s e r t e d  ed g ew ise  i n t o  th e  g e l .  Once f l u i d  had r i s e n  t o  w i th in  3mm o f  th e  
to p  o f  t h e  s t r i p ,  i t  was removed and th e  p r o t e i n  b ands ch eck ed  by i l l u ­
m in a t io n  w ith  u .v .  l i g h t  a t  254nm.
2.5.8 Polyacrylamide Gel Electrophoresis of the Enzymes of Penicillium
cycloplum and pig liver
V e r t i c a l  s l a b  g e l  e l e c t r o p h o r e s i s  was c a r r i e d  o u t  u s in g  e c o n tin u o u s  
b u f f e r  sy s te m , t h e  s e p a r a t i n g  g e l c o n s i s t e d  o f  8 .3m l o f  30% w/v 
a c r y la m id e , 6 .7 m l o f  1% w /v b is a c r y la m id e ,  6 .2 m l o f  1.5M THIS (HC1) a t  
pH 8 .7  and 3 .4m l o f  d i s t i l l e d  w a te r ,  t h i s  was m ix ed , d e g a s s e d , and had 
1 0 u l o f  TEHED and  lOOyl o f  10% w /v ammonium p e r s u l p h a te  added .
T he g la s s  p l a t e s  w ere  c le a n e d  w ith  e th a n o l ,  and th e  s p a c e r s  w ere  sm eared 
w i th  v a s e l i n e .  The g la s s  p l a t e s  w ore th e n  clam ped  o n to  th e  s p a c e r s ,  and 
th e  e x c e s s  v a s e l i n e  rem oved. The s e p a r a t i n g  g e l  was th e n  p o u red  in to  th e  
gap  be tw een  th e  p l a t e s  and im m ed ia te ly  o v e r l a id  w ith  w a te r  (ap p ro x
0 .5cm )and  a llo w e d  t o  s e t  f o r  45 m in u te s , Once p o ly m e r is a t io n  had o c c u r re d , 
t h e  w a te r  was d r a in e d  o f f .
The s ta c k i n g  g e l  s o lu t io n  was th e n  made up by d is s o l v in g  lOg o f  
a c r y la m id e , 0 .2 7 g  o f  b is a c r y la m id e ,  0 ,6 m l o f  TEHED, 3 .0 g  o f  TRIS and 4ml 
o f  g ly c e r o l  in  200ml o f  d i s t i l l e d  w a te r  a d ju s te d  t o  pH 6 .8  w ith  HC1.
1 0 p l o f  10% w /v ammonium p e r s u l p h a te  was added  to  4mI o f  th e  s ta c k i n g  g e l ,  
th e  comb was th e n  s l i p p e d  in to  th e  p l a t e  and th e  s ta c k i n g  g e l  was p ip e t t e d  
a round  i t ,  th e  to p  o f  th e  s ta c k i n g  g e l was th e n  o v e r l a id  w ith  w a te r  and 
l e f t  t o  p o ly m e r is e .  Once p o ly m e r is a t io n  o f  th e  s ta c k i n g  g e l  had o c c u r re d , 
th e  comb, c lam ps and b o tto m  s p a c e r  w ere  removed and th e  p l a t e  was c lam ped 
in  th e  g e l  ta n k .  The r u n n in g  b u f f e r  was th e n  made up by d i s s o l v in g  114g 
g ly c in e  and 30g o f  TRIS in  1 l i t r e  o f  d i s t i l l e d  w a te r ,  t h i s  was th e n  d i ­
lu t e d  ( te n  f o ld )  and p o u red  i n t o  th e  u p p e r  and low er r e s e r v o i r s .  A s y r in g e  
w ith  a b e n t  n e e d le  was u se d  to  wash o u t  th e  a i r  b u b b le s  t r a p p e d  be tw een  
th e  p l a t e s  and a p a s te u r  p i p e t t e  was u se d  to  w ash o u t  th e  sam p le  w e l l s .
The p r o t e i n  sam p les a p p l ie d  w ero  a d ju s te d  t o  c o n c e n t r a t io n s  o f  125pg/m l 
o r  1 6 7 .5 v g /m l f o r  each  sa m p le . T hese  w ere  made up in  sam ple  b u f f e r ,  w hich 
c o n s i s t e d  o f  10ml g l y c e r o l ,  5mM m e rc a p to e th a n o l  and 0 .7 6 g  TRIS d is s o lv e d
in  100ml o f  d i s t . i l l e d  w a te r  a d ju s te d  t o  pH 6 .8  w ith  HC1 c o n ta in in g  6mt 
o f  2% brom ophenol b lu e .  The sa m p le s w ere  th e n  t r i c k l e d  in to  th e  w e l l s  
and th e  a p p a r a tu s  run  a t  40 v o l t s  f o r  tw o h o u rs  and th e n  25 v o l t s  o v e r ­
n ig h t .  (The m ethods u se d  above w ere o b ta in e d  from  th e  LKB la b o r a to r y  
m anual 2001-000-1M E J.
2 ,6  I n h ib i to r  S tu d ie s  on  P e n ic illlu m  c y c lo p iu m  u s in g  C lo f ib r a te
F o r ty  f l a s k s  o f  P .cycJopSum  w ere  grown as d e s c r ib e d  in  2 .2 b .  24 h o u rs  
a f t e r  th e  p rim avy  inocu lum  had been  hom ogenised  and used  a s  a s u b c u l tu r e  
f o r  th e  40 f l a s k s ,  2 - (p - c h lo ro p h e n o x y )- 2  m e th y lp r o p io n ic  a c id  
( C lo f ib r a t e )  was added to  32 o f  th e  f l a s k s .  C l o f ib r a t e  was made up a t  
lOOrag/lml in  s a t u r a t e d  sod ium  b ic a r b o n a te  (0.46M C l o f i b r a t e ) .  The 32 
f l a s k s  t h a t  had had c l o f i b r a t e  added w ere  t r e a t e d  a s  f o l lo w s ,  6 f l a s k s  
a t  46mH p e r  f l a s k ,  8 f l a s k s  a t  4,6mM p e r  f l a s k ,  8 f l a s k s  a t  0.46mM p e r  
f l a s k  and 6 f l a s k s  a t  0.046mM p e r  f l a s k ,  th e  rem a in in g  f l a s k s  w ere u se d  
as b la n k s . 24 h o u rs  a f t e r  th e  C l o f ib r a t e  was added (day  2 o f  g ro w th )  2 
o f  th e  f l a s k s  from  each s e t  w ere  removed a s  sam p les  and C l o f ib r a t e  was 
added to  th e  re m a in in g  f l a s k s  a t  i t s  r e s p e c t iv e  c o n c e n t r a t io n .  S im i l a r ly  
on day 3 and 4 sam p les w ere  ta k e n  and more C l o f ib r a t e  added a t  i t s  r e ­
s p e c t i v e  c o n c e n t ra t io n  to  th e  re m a in in g  f l a s k s .  On day  5 th e  l a s t  sam p les
The m e ta b o l i te s  w ere  e x t r a c t e d  ( s e c t io n  2 ,3 b ) ,  p a r t i a l l y  p u r i f i e d  on an 
XAB-2 column ( s e c t io n  2 . 3 b ,2 , )  and s e p a r a t e d  by t . l , c .  on s i l i c a  g e l  
p l a t e s  ( s e c t io n  2 , 3 b . 1 .)  f o r  a s s a y .
2 .7  P ro te in  D e te rm in a tio n
P r o t e in  was r o u t in e ly  d e te rm in e d  u s in g  u .v ,  a b s o rb a n c e , w here  th e  p r o t e i n  
c o n c e n t ra t io n  i s  found  by th e  e q u a t io n :
M ethod 1
C o n c e n t ra t io n  (m g/m i) = 1.55A280 - 0 .76A 26£)
The above e q u a t io n  was su g g e s te d  by Lowry and p u b lis h e d  by K a lc k a r  (1 9 4 7 ), 
and i s  d e r iv e d  from  th e  d a te  o f  W arburg and C h r i s t i a n  (1 9 4 1 ) .  A second  
m ethod was u se d  to  c h ec k  th e s e  r e s u l t s  (G ro v e s , D avis and S e l l s  1967 ), 
in  t h i s  m ethod th e  a b so rb a n c e  o f  th e  sam ple  was found  a t  224nm and 233nni. 
The c o n c e n t r a t io n  was th e n  found  fripm:
M ethod 2
*224 " A233
The r e s u l t i n g  a b so rb a n c e  was th e n  r e l a t e d  t o  t h e  c a l i b r a t i o n  c u rv e :
C hange in  
A bsorbance  
A2 24"A233l
C o n c e n t ra t io n
(yg /m i)
The m ethods o f  p r o t e i n  d e te r m in a t io n  w ere  chosen  f o r  th e  f o l lo w in g  r e a ­
s o n s ;  th e y  a llo w  su b se q u e n t u se  o f  th e  p r o t e i n  sam p le  and u s in g  th e  c a l ­
i b r a t i o n  c u rv e  i n  th e  c a s e  o f  m ethod 1, i n t e r f e r e n c e  due  to  n u c l e i c  a c id s  
can  be e l im in a te d  ( o n ly  up t o  20% n u c le i c  a c i d ) , m ethod 2 i s  d e s ig n e d  to  
a c c o u n t f o r  t h e  a b so rb a n c e  due  t o  n u c l e i c  a c id s ,  b o th  o f  t h e s e  m ethods 
can  b e  used  down t o  th e  m icrogram  ra n g e .
The draw  b ack s a re :
The a b so rb a n c e  v a lu e  i s  e f f e c t e d  a t  p H 's  o th e r  th a n  7 , n u c l e i c  a c id  c o n ­
c e n t r a t i o n s  o v e r  20% w i l l  a f f e c t  t h e  r e a d in g s  ( n u c le ic  a c id  was found  from  
th e  260 /  280 r e a d in g s  and was r a r e l y  above 4%). W ith m ethod tw o, com­
pounds c o n ta in in g  two c o n ju g a te d  d o u b le  bonds w ould i n t e r f e r e  w ith  th e  
a s s a y ,  how ever t h e s e  compounds w ould bo u n l ik e ly  t o  a p p e a r  in  t h e s e  e x ­
p e r im e n ts  in  la r g e  q u a n t i t i e s .
0 0 .2 5  0 .5  0 .7 5  1 .0
I I
The above e q u a t io n  was su g g e s te d  by Lowry and p u b l i s h e d  by K a lc k a r  (1 9 4 7 ), 
and i s  d e r iv e d  from  th e  d a ta  o f  W arburg and C h r i s t i a n  (3 9 4 1 ) . A second  
m ethod was u se d  t o  c h ec k  th e s e  r e s u l t s  (G ro v e s , D avis and S e l l s  1 9 6 7 ), 
in  t h i s  m ethod th e  a b so rb a n c e  o f  t h e  sam ple  was found a t  224nm and 233iud. 
The c o n c e n t r a t io n  was th e n  fo und  from :
M ethod 2
*224 ‘  *233
The r e s u l t i n g  a b so rb a n c e  was th e n  r e l a t e d  to  th e  c a l i b r a t i o n  c u rv e :
Change in  
A bso rbance
C o n c e n t ra t io n
(p g /ra t)
The m ethods o f  p r o t e i n  d e te r m in a t io n  w ere  ch o sen  f o r  t h e  f o l lo w in g  r e a ­
so n s ;  th e y  a l lo w  su b se q u e n t u se  o f  th e  p r o t e i n  sam p le  and u s in g  th e  c a l ­
i b r a t i o n  c u rv e  in  th e  c a se  o f  m ethod 1 , i n t e r f e r e n c e  due t o  n u c l e i c  a c id s  
can  b e  e l im in a te d  (o n ly  up to  20% n u c le i c  a c i d ) , m ethod 2 i s  d e s ig n e d  to  
a c c o u n t f o r  t h e  a b so rb a n c e  due  to  n u c l e i c  a c id s ,  b o th  o f  t h e s e  m ethods 
can be used  down to  t h e  m icrogram  ra n g e .
The draw  b ack s a re :
The a b so rb a n c e  v a lu e  i s  e f f e c t e d  a t  p H 's  o th e r  th a n  7 , n u c l e i c  a c id  c o n ­
c e n t r a t i o n s  o v e r  20% w i l l  a f f e c t  th e  r e a d in g s  ( n u c l e i c  a c id  was found  from 
th e  260 /  260 r e a d in g s  and was r a r e l y  above 4% ). W ith m ethod tw o , com­
pounds c o n ta in in g  tw o c o n ju g a te d  d o u b le  bonds w ould i n t e r f e r e  w ith  th e  
a s s a y ,  how ever th o s e  compounds w ould  b e  u n l ik e ly  t o  a p p e a r  in  t h e s e  e x ­
p e r im e n ts  in  la r g e  q u a n t i t i e s .
0 0 .2 5  0 .5  0 .7 5  1 .0
I I I
The f o l lo w in g  p o p u la r  m ethods o f  p r o t e i n  d e te r m in a t io n  w ere  n o t u se d  f o r
th e  r e a s o n s  g iv e n ;
1. The F o l in  -  Lowry method (Lowry e t  g]  1951) i s  s e n s i t i v e  in  th e
m icrogram  ran g e  and i s  r e l a t i v e l y  u n a f f e c te d  by n u c l e i c  a c id  b u t i s  
in a c c u r a t e  in  t h e  p r e s e n c e  o f  g u a n in e , g ly c in e ,  a -  and B-CA
.and some o th e r  b io l  . .?1 m a te r i a l s  ( P e te r s o n  1979).
2 . The B iu re t  m ethod i s  s e n s i t i v e  o n ly  i n  th e  m il l ig r a m  ran g e  and i s  
i n a c c u r a te  in  t h e  p ie se r ."  i f  (NH4) 2S06 and hg 2+ io n s  (L ayne 1 9 5 7 ).
3 . The M icro B i u r e t  method (Zamenhof 1957) i s  s e n s i t i v e  in  th e  m icrogram  
r a n g e , b u t any c h e l a to r s  w i l l  a f f e c t  th e  m ethod , and a -  and (5-CA a re  
good c h e l a to r s .
4 .  The K je ld a h l  m e th o d ,is  n o t o n ly  tim e  consum ing  b u t ammonium io n s  and 
n u c l e i c  a c id s  and in  f a c t  any n i t r o g e n  s o u r c e  i n t e r f e r e s  w ith  th e  
p r o t e i n  d e te r m in a t io n .
5 . The t u r b i d " .y  d e te r m in a t io n s ,  any p r e c i p i t a b i e  non -  p r o t e i n  m a te r ia l  
w i l l  g iv e  e rro n e o u s  r e s u l t s .
C H A PT E R  3
R E S U L T S AND D IS C U S SIO N
TH E  ENZYMES
3 .1  E x tr a c t io n  a n d  P u r if ic a t io n  o f  E n zy m es  fro m  P en ic illiu m  e y c lo p iu m  
a n d  Pig L iv e r
P ig  l i v e r  and P .cycJopSum  w ere e x t r a c t e d  a s  p r e v io u s ly  shown ( 2 .5 .1 )  
and th e  enzymes a s sa y e d  ( 2 .4 ) .  The enzyme a c t i v i t y  i s  shown in  T ab le  1. 
The iso m e ra se  o f  p ig  l i v e r  was i s o l a t e d  f i r s t ,  f o l lo w in g  th e  p ro c e d u re  
o f  Holoway and P op jak  (1966) a s  th e  iso m e ra se  was needed  to  t e s t  f o r  t h e  
t r a n s f e r a s e .
The i n i t i a l  p r o t e i n  c o n c e n t ra t io n  o f  th e  s u p e r n a ta n t  a f t e r  c e n t r i f u g a t i o n  
a t  46000g was a lw ays m easu red , as th e  c o n c e n t r a t io n  o f  ammonium s u lp h a te  
r e q u ir e d  to  p r e c i p i t a t e  th e  p r o t e i n  i s  d e p e n d a n t on th e  p r o t e i n  co n ce n ­
t r a t i o n ,  a s  w e l l  a s  th e  te m p e r a tu re .  As th e s e  f r a c t i o n a t i o n s  w ere  c a r r i e d  
o u t a t  5°C th e  c o n v e rs io n  nom ograph o f  d i  J e s s o  was u se d . The a c t i v i t i e s  
from  th e  ammonium s u lp h a te  f r a c t i o n a t i o n s  o f  p ig  l i v e r  a r e  shown in  T a b le
The ammonium s u lp h a te  f r a c t i o n s  w ere d ia ly s e d  a g a in s t  e x t r a c t i o n  medium 
t o  remove th e  ammonium s u lp h a t e ,  and th e n  lo a d ed  on t o  an U l t r o g e l  AcA 
34 column (See F ig u re s  6 and 7 ) .  The p r o t e i n  sam ple  was lo a d ed  o n to  th e  
column a t  3-6% o f  th e  colum n volum e (6% i s  20mg o f  p r o t e i n ) .  I t  i s  known 
(Holoway & P op jak  1967 & 1966) t h a t  f o r  p ig  l i v e r  f r a c t i o n s  50-70% c o n ta in  
m a in ly  iso m e ra se  and f r a c t i o n s  40-60% c o n ta in  m a in ly  t r a n s f e r a s e .  They 
showed t h a t  when e lu te d  from  a Sephadex G200 column th e  iso m e ra se  was 
e lu t e d  a f t e r  th e  haem og lob in  and th e  t r a n s f e r a s e  b e fo r e  th e  ha em o g lo b in . 
My r e s u l t s  c o n f irm  t h i s . U sing  th e  U ltr o g e l  AcA 34 colum n t o t a l  s e p a r a t io n  
o f  th e  iso m e ra se  from  th e  t r a n s f e r a s e  was p o s s ib l e  f o r  b o th  p ig  l i v e r  and 
P .e y c lo p iu m . F ig u re s  6 t o  9 show th e  s e p a r a t i o n  a c h ie te d  on an U l t r o g e l  
AcA 3ii column u s in g  b o th  ammonium s u lp h a te  f r a c t i o n a t e d ,  and non 
f r a c t i o n a t e d  s a m p le s . I t  can  be s e e n  from  F ig u re s  6 and 9 t h a t  b o th  th e  
iso m e ra se  and th e  p r im a ry  t r a n s f e r a s e  a re  s e p a r a t e d  e x tre m e ly  w e l l  by 
s i z e ,  and v e ry  l i t t l e  o v e r la p  o f  th e  enzymes o c c u r s .  I t  was t h e r e f o r e  f e l t
i s f e r a s e  a c t i v i t y  o f  c ru d e  and c e n t r i f u g e d
TABLE 2 (A) A ssays o f  ammonium s u lp h a te  f r a c t i o n s  o f  th e  iso m e ra se  from  
p ig  l i v e r .
% ammonium 





a c t i v i t y
0-30 3336 0 .595 0 .0006 0 .0009
30-40 6565 0 .001172 '0 .00261
40 -50 26802 0 .004788 0 .011
50-60 35969 0 .00642 0 .0129
60-70 7382 0 .00318
(B) A ssay  o f  ammoniu® s u lp h a te  f r a c t i o n s  o f  th e  p r im a ry  t r a n s f e r a s e  from  
p ig  l i v e r ,  ( c o r r e c t e d  f o r  iso m e ra se  b la n k )
% ammonium 
S u lp h a te
d p .
u t i l i s e d
enzyme
m g/In  I
S p e c i f i c
a c c i v i t y
0 -3 0 0 .4 9 6 0 .000496 0 .000752
30-40 0 .00378 0.00649
40-50 0 .00145 0 .00334
50-60 0 .2 9 0 .00029 0 .000586
1’ “
0 .2 1 6 0 .000216 0 .00052
1 0 0  1 2 5  1 5 0  17=, 2 0 0  2 2 5  2 5 0  2 7 5
3 50  1 7 5  2 0 0  2 2 5  2 5 0  2 7 5
F ig u re  6 . E lu t i o n  p r o f i l e  o f  th e  30 - 40% and 50 -  60% ammonium 
s u lp h e t  f r a c t i o n  from  p ig  l i v e r -  : The 30 - 40 ( a )  & 50 
- 60% (b ) ammonium s u lp h a te  f r a c t i o n  from  p ig  l i v e r  e lu t e d  
from  an V l t r o g e l  AcA 34 packed  column 100 x 2 .5cm . The peak  
s e e n  a t  140 -  ]75mC i s  t r a n s f e r a s e ,  th e  peak  a t  190 
21.5mt i s  haem og lob in  and th e  peak  a t  225 - 260ml: i s
iso m e r tis e . A bsorbance  was m easu red  by flow  th ro u g h  m e ter 
a t  2B0nm.
vsest-sn-
E lu iio r .  p r o f i l e  o f  th e  c T t r i f u g e d  u n f r a c t io n a t e d  p ig  
l i v e r  sa m p le : The p r o t e i n  sa m p le , c e n t r i f u g e d  b u t n o t
f r a c - io n s t e d  w at! ammoniuir s u lp h a te  was e lu te d  from  an AcA 
3A V ltr o g e l  packed  columi: 100 x 2 .5cm . Tiie peak  se en  c  
160m£ i s  t r a n s f e r a s '  , th e  peak  a t  200»f i s  haem og lob in  and 
th e  peek  a t  225ml i s  t r a n s f e r a s e . A bsorbance  was m easured  
by flow  th ro u g h  c e l l  a t  280nm.
in  f u r t h e r  s e p a r a t i o n s  t h a t  ammonium s u lp h a te  f r a c t i o n a t i o n  was n o t 
n e s s e s s a r y  as c a r e f u l !  c o l  l e c t i o n  o f  th e  f r a c t io n s  gave  iso m e ra se  and 
p r im a ry  t r a n s f e r a s e  f r a c t i o n s  n o t c o n ta m in a te d  by each o th e r .
H ollow ay and P o p jak  a l s o  showed t h a t  t h e  iso m erase  has a d i s t i n c t  pH op ­
timum a t  6 .0  and i s  a c t i v a t e d  by Mn24" in  p r e f e r e n c e  t o  Mg2 + . T h is  p r o p ­
e r t y  i s  o n ly  se en  a f t e r  d i a l y s i s  o f  t h e  enzyme a g a in s t  EDTA and r e p e a te d  
d i a l y s i s  a g a in s t  a medium 1 ee o f  EDTA, s u g g e s t in g  t h a t  th e  Mn2+ i s  f i r m ly  
bound to  th e  n a t iv e  nzyme. Shah (1965 ) w ork ing  w ith  p ig  l i v e r  o b ta in e d  
a  c ru d e  e x t r a c t  in  w hich  th e  iso m e ra se  showed a p r e f e r e n c e  f o r  Mg2+, 
how ever i t  i s  th o u g h t t h a t  t h i s  was p r o b a b ly  due to  th e  p r e s e n c e  o f  a 
p h o sp h a ta s e  in  th e  e x t r a c t .  My w ork , u n r e p o r te d  h e r e ,  showed t h a t  th e  
iso m e ra se  i s o l a t e d  from  p i)- '  ' —r  a c c o rd in g  to  th e  m ethod o f  Holoway and 
P o p jak  (1967 & 196A) sh  -en c e  f o r  Mn2+ and t h a t  t h i s  was a l s o
th e  c a se  f o r  th e  iso m e rc . -d from  P .cy cJ o p ju m .
H ollow ay and P o p jak  (1968 ) a l s o  showed t h a t  th e  e q u i l ib r iu m  o f  th e  r e ­
a c t io n  f a v o u re r  th e  p r o d u c tio n  o f  d im e th y ls ! ly lp y ro p h o s p h a te , in  th e  r a ­
t i o  o f  3 :1 ,  and t h a t  th e  r e a c t i o n  i s  r e v e r s i b l e .  T ak ing  t h i s  as a f a c t  
( i t  i s  a l s o  s u p p o r te d  by L eh n in g e r  1975, and Conn and Stum pf 1 9 7 6 ), th e  
iso m e ra se  from  j i g  l i v e r  was used  in  th e  enzyme a s s a y s  t o  make ( l - 24Cj 
DMAPP and was u se d  in  b o th  th e  p ig  l i v e r  and P .c y c lo p iu m  a s s a y s .
W ith  th e  d im e th y la l ly lp y ro p h o s p h a te  t r a n s f e r a s e ,  th e y  found  th e  enzyme 
was e q u a l ly  a c t i v e  w ith  e i t h e r  DMAPP + IPP o r  g e ra n y l  p y ro p h o sp h a te  + ip p  
a s  s u b s t r a t e s , and w h ic h e v e r  was u se d  th e  p ro d u c t was aiw a ys  f a r n e s y l
i.-y rophosphate . The pH optimum o f  th e  enzyme was found  to  be 7 .9  and r e ­
q u i r e s  Mg2+ io n s  a s  a c t i v a t o r s  in  p r e f e r e n c e  t o  MnZ+. The p r e f e r e n c e  f o r  
MgZ+ o v e r Mn2* f o r  a c t i v a t i o n  was a l s o  se en  in  t h i s  s tu d y  f o r  
P .cy cJ o p ju m .
C e l l  D is r u p t io n
The th r e e  m e thods o f  c e l l  d i s r u p t io n  w hich w ere  i n v e s t i g a t e d  in  th e  e x ­
t r a c t i o n  o f  p r o t e i n  from  th e  "m ats"  o f  P .c y c lo p iu m  w ere th e  W aring b le n d e r  
(2 m in) t h e  P o t te r - E lv e h je m  hom ogen ise r (4 m in) and th e  a c e to n e /d r y  powder 
m e th o d . T hese  r e s u l t s  a r e  shown in  T ab le  3 and th e  b e s t  m ethod o f  d i s ­
r u p t io n  was a c e to n e /d r y  pow der. I t  was found  to  be th e  b e s t  m ethod n o t 
o n ly  f o r  th e  e a s e  o f  i s o l a t i o n  o f  th e  enzym es, and th e  in c re a s e d  amount 
o f  enzyme l i b e r a t e d  ( s e e n  by th e  in c re a s e  in  a c t i v i t y  T a b le  3 ) ,  b u t  a ls o  
b e c a u se  th e  u s e  o f  a c e to n e  removed many o f  th e  f a t s  r e le a s e d  d u r in g  th e  
c ru d e  i s o l a t i o n ,  and th e  powder was e asy  to  s t o r e  and show ed h ig h  a c t i v i t y  
when r e c o n s t i t u t e d  ( r e s u l t s  n o t show n). A p p ro x im ate ly  480gm o f  wet 
P .c y c lo p iu m  from  a l l  24 f l a s k s  y ie ld e d  a p p ro x  30-35gm o f  pow dered 
P .c y c lo p iu m .
In  eac h  o f  t h e  e x p e r im e n t:  5gm o f  a c e to n e /d r y  pow der was u s e d , th e  powder 
was su sp e n d ed  in  e x t r a c t i o n  medium and th e n  c e n t r i f u g e d  a t  48000s f o r  3 
h o u r s . In  some e x p e r im e n ts  th e  s u p e rn a ta n t  was f r a c t i o n a t e d  w ith  ammonium 
s u l p h a t e , in  o th e r s  i t  was a p p l ie d  t o  th e  AcA 34 column w ith o u t 
f r a c t i o n a t i o n .  In  th e  c a se  o f  th e  f r a c t i o n a t e d  sam p les  th e  p e l l e t  ( a f t e r  
c e n t r i f u g a t i o n )  was su sp e n d ed  in  e x t r a c t io n  medium and d ia ly s e d  f o r  4-5
The a c t i v i t y  shown in  th e  i n i t i a l  e x t r a c t s , b e fo r e  f r a c t i o n a t i o n ,  a re  
shown in  T a b le  4 ,  and th e  a c t i v i t y  shown a f t e r  ammonium s u lp h a te  
f r a c t i o n a t i o n  i s  shown in  T ab le  5 . C om paring T a b le s  2 and 5 i t  can be
(■en t h a t  th e  is o m e ra s e  and t r a n s io r a s e s  from  P .c y c lo p iu m  f o llo w  th e  
same d i s t r i b u t i o n  as th o s e  from p ig  l i v e r ,  and show th e  same m o le c u la r  
w e ig h ts  when ru n  on an AcA 34 column ( th e  e lu t i o n  tim e s  and volum es b e in g  
th e  sam e) and when k e p t  u n der th e  same s to r a g e  r e g im e s , ke ep  v e ry  w e l l ,  
a t  l e a s t  18 m onths a t  -70°C and 6 m onths a t  -20°C . I t  was a l s o  found in  
t h i s  s tu d y  t h a t  th e  optim um t r a n s f e r a s e  a c t i v i t y  from  b o th  th e  p ig  l i v e r  
and P .c y c lo p iu m  was found  in  th e  30 - 40% ammonium s u l r h a t e  f r a c t i o n a t i o n  
r a n g e , and th e  is o m e ra s e  in  t h e  50 - 60% ammonium s u lp h a te  f r a c t i o n .
TABLE 3 A ssay o f  th e  p r im a ry  t r a n s f e r a s e  f o r  th e  th r e e  m ethods o f  c e l l  
d i s r u p t io n  u se d  w ith  P. c y c J o p ju a
M ethod O p, S p e c i f i c
W aring  b le n d e r  
2 m in u tes
0 .00006
P o t te r -E J v e h je m  
ho m o g en ise r 4min 1M 1 0 .0001
A ce to n e / 
d r y  powder
2 7 ,5 0 .00013
TABLE 4 A ssay o f  th e  p r im a ry  t r a n s f e r a s e  from  P. c y c la p iu a  from  a c ru d e  
and c e n t r i i u g e d  e x t r a c t .
s t . » . ,pm S p e c i f i c
e x t r a c t 23425 0 .0013
c e n t r i f u g e d
48000s
0 .0016
TABLE 5 (A) A ssays o f  th e  ammonium s u lp h a te  f r a c t i o n s  o f  th e  iso m e ra se  
from  P. c y c lo p iu m
% ammonium d p . n mole IPP 
/  min
enzyme p r o te i n  
mg/1ml!
S p e c i f i c
a c t i v i t y
0-30 192 , 0 .4 8 0 000*8 0 .00261
30 -40 2320 0 .586 0 000588 0 .0 0 6
40 -50 8214 0 002112 0 .0 2 0 4
50-60 13904 0 00356 0 .03154
M -,0 371 = 0000948 o . o w ,
(A) A ssay o f  th e  ammonium s u lp h a te  f r a c t i o n s  o f  t h e  p r im a ry  t r a n s f e r a s e  
from  P. c /c J o p i u m .( c o r r e c t e d  f o r  iso m e ra se  b la n k )
% ammonium dp„ n mole IPP 
u t i l i s e d
enzyme p r o te i n  
mg/1ml
a c t i v i t y
0-30 4102 0 .000732 18.4 0 .003978
30-40 8556 0.001528 0 .01559
40-50 5917 1 .056 0 .001058 10.4 0 .01022
50-60 2085 0 .372 0 .000372 0.00329
W -7 0 632 0 .1 4 8 0.000148 0 .001591
Holoway and P o p jak  found  th e  t r a n s f e r a s e  in  th e  35 -  45% f r a c t i o n  and th e  
iso m e ra se  in  t h e  60 -  70% f r a c t i o n ,  t h e  d is c r e p a n c y  though  i s  p ro b a b ly  
due to  th e  i n i t i a l  p r o t e i n  c o n c e n t r a t i o n , a s  t h e  p e rc e n ta g e  ammonium 
s u lp h a te  u se d  t o  p r e c i p i t a t e  a c e r t a i n  p r o t e i n  i s  p ro ,, - t i o n a l  t o  th e  
p r o t e i n  c o n c e n t r a t io n .
In  e x p e r im e n ts  w ith  b o th  p ig  l i v e r  and P .c y c lo p iu m  enzymes th e  iso m e ra se  
was i s o l a t e d  f i r s t  a s  h a s  been m e n tio n e d . In  t h e  c a s e s  w here th e  
u n f r a c t io n a t e d  sam ple  was added to  th e  AcA34 co lum n , iso m e ra se  p r e v io u s ly  
i s o l a t e d  from  p ig s  l i v e r  was u se d  in  a s s a y s  f o r  b o th  th e  p ig  l i v e r  and 
P .c y c lo p iu m  t r a n s f e r a s e s  (See f i g u r e s  8 and 9 ) .  T h is  was done a s  o n ly  
[ l - 5 iC] IPP was a v a i l a b l e ,  and th e  1PP had t o  be  c o n v e r te d  t o  DHAPP u s in g  
th e  iso m e ra se  b e fo r e  i t  c o u ld  be u se d  a s  a s u b s t r a t e  f o r  th e  t r a n s f e r a s e .
M° G ra th  11977) used  an ic e  s h e a r  t o  d i s r u p t  t h e  c e l l s  in  h i s  w ork. 
However he found  t h a t  when run  on a colum n to  c h ec k  th e  m o le c u la r  w e ig h ts ,  
th e  m o le c u la r  w e ig h ts  v a r ie d  from  e x p e r im e n t t o  e x p e r im e n t.  He a l s o  found 
t h a t  when he  a t te m p te d  to  s e p a r a t e  th e  enzymes u s in g  an io n  exchange 
colum n t h a t  th e  enzymes w ere  h ig h ly  u n s ta b le  and d id  n o t  rem ain  a c t i v e , 
th e  same was found w ith  i s o e l e c t r i c  f o c u s in g .  I t  was th e r e f o r e  d e c id e d  
in  t h e s e  e x p e r im e n ts  n o t  t o  u se  th e  ic e  s h e a r  as i t  was th o u g h t t h a t  th e r e  
may b e  some p r e s s u r e  e f f e c t  c a u s in g  d i s s o c i a t i o n  o f  th e  enzyme s u b u n it s  
( J . D av is  p e r s o n a l  c o m m u n ic a tio n ) , o r  p o s s ib ly  d i s s o c i a t i o n  fo llo w e d  by 
f a u l t y  r e - a s s o c i a t i o n  a s  Mc G ra th  n o te d  t h a t  some a c t i v i t y  rem ained  f o r  
a s h o r t  tim e  a f t e r  th e  end o f  h i s  p u r i f i c a t i o n  e x p e r im e n ts . I t  s h o u ld  be 
n o te d  t h a t  pow der e x t r a c t s  o f  P .c y c lo p iu m  when s to r e d  a t  -20°C  r e t a in e d
h e i r  a c t i v i t y  f o r  a t  l e a s t  a  y e a r ,  and a f t e r  DEM) c h ro m a to g rap h y , g e l 
e l e c t r o p h o r e s i s  and i s o e l e c t r i c  fo c u s in g  r e t a in e d  t h e i r  a c t i v i t y  f o r  a t  
l e a s t  24 h o u r s . (Sam ples k e p t from DEAE w ere  a c t i v e  f o r  many weeks i f  
s t o r e d  a t  - 2 0 ° C ) .
Pow dered P .cy cJ o p iu m  was p re p a re d  from  P .cy cJ o p iu m  grown on NaNOg and c o rn  
s t e e p  l i q u o r  (CSL) a s  n i t r o g e n  s o u r c e  The enzym es o f  se c o n d a ry  m e tab o lism
*2 1 0  2 4 0  2 7 0
6 0  9 0  1 2 0  1 5 0  1 6 0  23 0 2 4 0  2 7 0  3 0 0  3 3 0
F ig u re  6 .  E lu t i o n  p r o f i l e  o f  th e  30 - 40 and 50 - 60* ammonium 
s u lp h a t  f r a c t i o n s  from  P eycJopiun: : The 30 ■ 40% ( a )  and 
50 - 60% (b )  ammonium s u lp h a te  f r a c t i o n s  from  P .c y c lo p in e  
w ere  e lu te d  from  an I ' l t r o g c l  AcA 34 pa ck e d  column 100 x 
2 . 5cm. The peak a t  160mf. showed t r a n s f e r a s e  a c t i v i t y  and 
•h e  peak  a t  290mt showed iso m e ra se  a c t i v i t y . A bsorbance  
was mea; u re d  by flow  th ro u g h  c a l l  a t  280nn:.
F ig u re  9 . E lu t io n  p r o f i l e  o f  th e
a t  295ml shoved
from  P .cy cJ o p iu m  grown on b o th  CSL and NaNOj ( s e e  s e c t i o n  3 .5  p g .4 6 )  w ere 
i s o l a t e d  in  t h e  same way as each  o t h e r , and showed no d i f f e r i n g  c h a r a c ­
t e r i s t i c s .  T h e r e fo r e  i f  enzymes a re  needed  i t  i s  p r e f e r a b l e  t o  grow th e  
o rg an ism  on CSL a s  th e  y i e ld  o f  m y c e lia  i s  so  much h ig h e r ,  a lm o s t 
2gm/100ml o f  c u l t u r e  medium as a g a in s t  0.29gm /100m l when grown on NaNOj 
and th u s  th e  y i e l d  o f  enzymes i s  h ig h e r .  However t h e  y i e l d  o f  s e c o n d a ry  
m e ta b o l i te s  i s  lo w e r , and so  t o  o b ta in  s e c o n d a ry  m e ta b o l i te s  th e  o rg a n ism  
m ust b e  grown on Is'aNOg a s  n i t r o g e n  so u rc e .
I t  was found  to  b e  more e x p e d ie n t i n  th e  c a se  o f  b o th  P.eye. lo p iu m  and 
p ig  l i v e r  e x t r a c t s , no r to  f r a c t i o n a t e  w ith  ammonium s u lp h a t e ,  b u t  t o  add 
a l i q u o t s  o f  th e  c e '. i t  i fu e e d  e x t r a c t  t o  th e  co lum n . In  t h i s  way a  la rg e  
s to c k  o f  s e m i - p u r i t i e d  enzyme va-% b u iV  up e i t h e r  f o r  f u r t h e r  p u r i f i c a t i o n  
o r  f o r  u s e  in  a s s a y s .  The p r im a ry  tra n s fo - - ; . ; ,-  ’r  ; x so m ^ r-se  from  b o th  
P .cycJopJum  and p ig  l i v e r  e lu te d  from  The U ltr o g e l  colum n e t  a p p ro x i ­
m a te ly  th e  same v o lu m e s , when th e  u n f r a c t io n a te d  c e n t r i f u g e d  sam ple  was 
added  to  th e  co lum n. When th e  iso m e ra se  and p r im a ry  t r a n s f e r a s e  from  b o th  
s o u r c e s  w ere  f r a c t i o n a t e d  th e y  eac h  p r e c i p i t a t e d  o u t  a t  th e  same r e s p e c ­
t i v e  ammonium s u lp h a te  c o n c e n t r a t io n s .
3 .2  DEAE C e llu lo se  F ra c t io n a t io n  o f  P en ic illiu m  c y c lo p iu m  a n d  P ig  L iv e r  
E n zy m es
T h is  was c a r r i e d  o u t f o r  b o th  P .cy cJ o p iu m  and p ig  l i v e r  enzymes as d e ­
s c r i b e d  in  2 .5 . 6 .  The c e n t r i f u g e d  c e l l  f r e e  e x t r a c t  sam p les from  b o th  w ere 
a dded  s e p a r a t e ly  t o  th e  colum n. The p a r t i a l l y - p u r i f i e d  p ig  l i v e r  
•socnerese  : ••m th e  AcA 34 column was added in  an a t te m p t t o  p u r i f y  i t  
f u r t h e r .  T‘ i  i - j r r i a l l y  p u r i f i e d  P .c y c lo p ju m  sam p le  was o f  iso m e ra se . The 
100 & 150 mM NaCl f r a c t i o n s  d e r iv e d  from  th e  io n  exchange  c h rom atog raphy  
o f  th e  P .c y c lo p iu m  e x t r a c t ,  w ere found  to  c o n ta in  iso m e ra se . T hese  w ere 
d ia ly s e d  a g a in s t  e x t r a c t i o n  medium f o r  24 h o u rs  fo llo w e d  by d i a l y s i s  
a g a in s t  s o l i d  s u c ro s e  t o  c o n c e n t ra te  them , and th e n  s to r e d  in  1ml a l i q u o t s  
a t  -70°C . The p a r t i a l l y - p u r i f i e d  p ig  l i v e r  iso m e ra se  was u se d  in  e x p e r ­
im e n ta l  a s s a y s  t o  t e s t  f o r  th e  t r a n s f e r a s e  from  P .cy cJ o p iu m  and p ig
TABLE 6 DEAE f r a c t io n a t i o n  o f  th e  Iso m e ra se  and T r a n s f e r a s e  o f  P. 
cycJo p iu m  and P ig  L iv e r  s e p a r a t e d  on a DE 11 colum n, e lu t i o n  b e in g  e f ­
f e c te d  w ith  NaCl.
(A) 250mg c ru d e  non ammonium s u lp h a te  f r a c t i o n a t e d  sam ple  from  p ig  l i v e r ,  
a s s a y  f o r  th e  t r a n s f e r a s e
C o n c e n t ra t io n  





1528 C O M
(B) 75mg p a r t i a l l y  p u r i f i e d  (from  th e  U l t r o g e l  AcA34 Column) iso m o ra si 
sam ple  from  p ig  l i v e r
C o n c e n t ra t io n  
in  mM NaCl
d p . S p e c i f i c





(C) 200rog c ru d e  non ammonium s u lp h a te  f r a c t i o n a t e d  sam p le  from  
c y c lo p iu m ,  a s s a y  f o r  t h e  t r a n s f e r a s e
C o n c e n t ra t io n  
in  mM NaCl
- p .
a c t i v i t y




D) 75 mg p a r t i a l l y  p u r i f i e d  (from  th e  
am ple from P . c y c lo p iu m
U lt r o g e l  AcA34 colum
C o n c e n t ra t io n  





l i v e r .  Both t h e  P .c y c lo p iu m  and p ig  l i v e r  iso m e ra se s  and t r a n s f e r a s e s  
e lu t e d  from th e  colum n a t  th e  same NaCl c o n c e n t r a t i o n s ,  and k e p t  f o r  a t  
l e a s t  3 m onths a t  -20° C. (See  T ab le  6 ) .
3 .3  P o ly a c ry la m id e  S lab  G el E le c tr o p h o r e s is  o f  t h e  Iso m e ra se  o f  P e n ic illium  
c y c lo p iu m  a n d  P ig  L iv e r
S la b  %el e l e c t r o p h o r e s i s  was c a r r i e d  o u t a s  d e s c r ib e d  in  2 . 5 . 8 .  The r e ­
s u l t s  a re  shown in  F ig u re  30. The r i e v i n g  e f f e c t  o f  th e  g e ls  i s  a c r i t i c a l  
f a c t o r  in  s e p a r a t i o n .  The d e n s i ty  o f  th e  g e l  ne tw o rk  ( p o re  s i z e )  i s  
v a r ie d  a c c o rd in g  to  th e  s i z e  o f  th e  p r o t e i n  s u b - u n i t s  b e in g  s e p a r a te d  
(M aurer, H .R ., 1971; W ork, T .S . and W ork, E , , 1 9 6 9 ). In  t h i s  c a s e ,  th e  
g e l used  was 10% (T) g iv in g  a m o le c u la r  w e ig h t f r a c t i o n a t i o n  ran g e  o f  10 
000 - 80 000 d a l to n s .  I t  sh o u ld  a l s o  be rem em bered t h a t  t h e  pH o f  th e  
sy s te m  m ust b e  ch o sen  w ith  c a r e  as th e  pH o f  th e  b u f f e r  g r e a t l y  a f f e c t s  
p r o t e i n  m o b i l i ty  ( i . e .  th e  c h a rg e  th e  p r o t e i n  i s  c a r r y i n g ) .
The iso m e ra se s  from  b o th  P .c y c lo p iu m  and p ig  l i v e r  w ere  u se d  in  t h i s  e x ­
p e r im e n t and p a r t i a l  p u r i f i c a t i o n  o f  th e  enzymes was o b ta in e d  f o r  th e  
u n f r a c t io n a t e d  c ru d e  e x t r a c t s .  The p a r t i a l l y  p u r i f i e d  p ig  l i v e r  iso m e ra se  
from  th e  DEAE c e l l u l o s e  f r a c t i o n a t i o n  (150 mM N aCl) showed th r e e  ba n d s . 
The main bond b e in g  th e  is o m e ra s e , th e  o th e r s  showed no a c t i v i t y  in  th e  
a s s a y s .  However u s in g  any o f  th e  m en tio n ed  te c h n iq u e s  i t  was Im p o ss ib le  
to  rem ove th e  c o n ta m in a t in g  bands from  th e  iso m e ra se . F ig u re  10 a and c 
show th e  a t te m p te d  s e p a r a t i o n  o f  th e  c ru d e  c e n t r i f u g e d  e x t r a c t  o f  
P .c y c lo p iu m  and p ig  l i v e r .  I t  can be se en  t h a t  p a r t i a l -  p u r i f i c a t i o n  o c - 
u r r e d .  However th e  r e s u l t s  o b ta in e d  d id  n o t w a r ra n t th e  u s e  o f  t h i s  
m ethod as a p u r i f i c a t i o n  s t e p  a s  i t  i s  long  and can o n ly  d e a l  w ith  sm a ll 
am ounts o f  m a t e r i a l .  The enzymes r e ta in e d  t h e i r  s t a b i l i t y  th ro u g h  t h i s  
p r o c e d u re , a s  when e lu t e d  from  th e  PAGE s la b s  th e y  w ere  found  t o  rem ain  




P o ly a c ry la m id e  g e l e l e c t r o p h o r e s i s  o t  p ig  l i v e r  and 
P e n ic iJ J iu m  c y c lo p iu m  sa m p le s  a f t e r  DEAE f r a c t i o n a t i o n .
: L ine  d ia g ra m s o f  p o ly a c ry la m id e  g e l e l e c t r o p h o r e s i s
o f  ( a )  p ig  l i v e r  i s o tn e r a s e , u n f r a c l io n a t e d ,  from  DEAE 
c e l l u l o s e ,  (b ) p ig  l i v e r  iso ro e ra se  from  a g e l f i l t r a t i o n  
p a r t i a l  p u r i f i c a t i o n ,  and ( c )  P .c y c lo p iu m  is o tn e ra s e ,  
tm f r e c t io n a t e d ,  from  DEAE c e l l u l o s e .  The num bers tit th e  
head  o f  e ac h  g e l i n d i c a t e  kiM c o n c e n t r a t io n s  o f  N aC l. See 
T a b le  6 f o r  th e  enzyme a c t i v i t i e s  a t  th e  v a r io u s  s a l t  
c o n c e n t r a t i o n s .
3 .4  I s o e le c tr ic  F o c u s in g  of t h e  E nzym es o f  P e n ic illiu m  c y c lo p iu m
I s o e l e c t r i c  f o c u s in g  was c a r r i e d  o u t ( a s  in  2 . 5 . 7 )  u s in g  th e  p r o t e i n  from  
r e c o n s t i t u t e d  a c e to n e /d r y  pow der o f  P .c y c lo p iu m .  F ig u re  11 shows th e  
u n i f o r m i ty  o f  t h e  pH g r a d i e n t ,  th e  c o r r e l a t i o n  c o e f f i c i e n t  was r=  0 .98105  
(26  r e a d in g s ) .
A ll th e  segm en ts  o f  g e l  w ere t e s t e d  f o r  a c t i v i t y  u s in g  th e  enzyme a s s a y s , 
t h e r e a f t e r  o n ly  se g m en ts  show ing  bands w ere  t e s t e d  f o r  a c t i v i t y .  The 
i s o e l e c t r i c  p o in t s  f o r  th e  t r a n s f e r a s e  and iso m e ra se  w ere found  to  be 5 .2  
and 4 .9  r e s p e c t i v e l y .  The p - l . ’ s  w ere ch eck ed  o v e r  3 s u c c e s s iv e  ru n s  and 
w ere  n o t  found  "n  d i f f e r .H c G ra th  e t a l  (1977) found  t h a t  when th e y  a t ­
tem p te d  i s o e l e c t i i .  f o c u s in g ,  u s in g  an u p r ig h t  LKB colum n, th e  enzymes 
d id  n o t s u r v iv e  f o r  more th a n  1 h o u r a f t e r  t h e  ru n . T h is  was p o s s ib l y  due 
t o  damage c a u se d  by p r e s s u r e  in  th e  ic e  .h e a r  m ethod o f  c e l l  d i s r u p t io n .  
cAA trp was ne ed e d  t o  a s sa y  f o r  th e  se c o n d s iv  t r a n s f e r a s e ,  and p rob lem s 
w ere  b e in g  e n c o u n te re d  in  cue i s o l a t i o n  and p u r i f i c a t i o n  o f  t h i s  
s u b s t r a t e .  A s m a ll amount o f  cAA trp had been  s y n th e s is e d  ( P .S te y n  CSIR) 
and a lth o u g h  o ld  and s l i g h t l y  im pure (show ed 2 o r  p o s s ib ly  3 bands when 
checked  by t . l . c . )  was used  t o  a s sa y  f o r  th e  se c o n d a ry  t r a n s f e r a s e  a f t e r  
i t s  i s o l a t i o n  u s in g  i s o e l e c t r i c  fo c u s in g  and gave  a p i o f  5 . 6 .  Mc G ra th  
a t  a l  (1977) found  p i ' s  s l i g h t l y  d i f f e r e n t  (1 = 4 .5 ;  T = 5 - 1 ;  S = 5 .3 )  
t o  th o s e  r e p o r te d  h e r e ,  p o s s ib l y  due to  h i s  u se  o f  an u p r ig h t  colum n, 
c a u s in g  some movement o f  th e  p r o t e i n  bands a t  th e  end o f  th e  r u n . They 
a l s o  used  an ic e  s h e a r  te c h n iq u e  to  o b ta in  t h e i r  c e l l  f r e e  e x t r a c t ,  and 
i t  i s  p o s s ib l e  t h a t  t h i s  c au se d  a p r e s s u r e  jump e f f e c t  (D av is ; Mc G ra th , 
p e rs o n a l  com m un ication ) le a d in g  to  th e  d i s s o c i a t i o n  o f  th e  s u b - u n i t s  o f  
th e  enzym e, th u s  c a u s in g  i n s t a b i l i t y  o f  th e  p r o t e i n  om plex.
I s o e l e c t r i c  f o c u s in g  was c a r r i e d  o u t on th e  c e n t r i f u g e d  e x t r a c t  o f  
P .c y c lo p iu m .  An a p p a r a tu s  was f a b r i c a t e d  to  u t i l i s e  a B io-R ad 
e l e c t r o f o c u s in g  p l a t e .  10 la r g e  bands w ere  found on th e  g e l  u s in g  f l u ­
o r e s c e n t  s i l i c a  g e l  s t r i p s ,  o f  t h e s e  7 w ere v i s i b l e  t o  th e  naked  eye . 
T h ere  w ere 6 m ain bands and 4 s u b s id i a r y  b a n d s , one  o f  th e  v i s i b l e  main
pH G ra d ie n t  o f  t h e  I s o e l e c t r i c  F o c u s in g  G el: The
i s o e l e c t r i c  fo c u s in g  g e l was d iv id e d  in to  26 e q u a l s e g ­
m ents I I .1 5 c m ; .  The segm en ts  w ere  su sp e n d ed  in  d i s t i l l e d  
w a te r  and th e  pH re a d  from  tu b e s  2 • 21 and th e  g r a d ie n t  
was se en  to  be m i :  -m , show ing  a c o r r e l a t i o n  c o e f f i c i e n t  
o f  0 .98G a. Enzyme a c t i v i t y  was se en  a t  pH - . 9  f o r  th e  
iso m e ra se  end pH 5 .2  fo r  th e  p r im a ry  t r a n s f e r a s e .  S e c ­
o n d a ry  t r a n s f e r a s e  a c t i v i t y  was se en  a t  pH 5 .6
b a nds was t h e  t r a n s f e r a s e  and one o f  th e  l a r g e r  s u b s id i a r y  b a n d s , n o t 
v i s i b l e  t o  t h e  n a k ed  e y e , was th e  is o i re ra s e .
The v i s i b l e  b ands c o u ld  be used  to  check  th e  u n i f o r m i ty  o f  th e  run  by 
t h e i r  s t r a i g h t n e s s .  I t  a l s o  f a c i l i t a t e d  th e  rem ova l o f  th e  bands fo r  
a s s a y in g  a s  th e  b ands n o t v i s i b l e  to  th e  naked eye  f o llo w e d  th e  c o n to u rs  
o f  t h e  v i s i b l e  b a n d s . The b ands w ere a l s o  u s e f u l  in  d e te rm in in g  th e  a c ­
c u ra c y  o f  th e  r a n ,  f o r  i f  th e  e le c t r o d e s  had been  i n c o r r e c t l y  f i t t e d  th e n  
th e  b ands became d i s t o r t e d  o v e r  th e  le n g th  o f  th e  g e l b e d .
3 .5  P ro d u c tio n  o f  th e  S e c o n d a r y  T r a n s f e r a s e  b y  P e n ic illiu m  c y c to p iu m  
in M inimal a n d  R ich  M edia
D u rin g  th e  p h a se  o f  r a p id  grow th  o f  P .c y c lo p iu m  s m a ll am ounts o f  CA a re  
p ro d u ce d , how ever a s h a rp  in c r e a s e  in  th e  r a t e  o f  CA p r o d u c tio n  i s  seen  
fo l lo w in g  th e  d e c l in e  in  t h e  a c t i v i t y  o f  th e  p r im a ry  m e ta b o l ic  p r o c e s s .  
The d e c l in e  in  p r im a ry  m e tab o lism  and th e  a t t e n d a n t  a c c e l e r a t i o n  in  CA 
p r o d u c tio n  a r e  r e l a t e d  to  th e  d e p le t i o n  o f  n u t r i e n t s  (N 'e e th lin g  1972).
In  t h e s e  e x p e r im e n ts  th e  n i t r o g e n  so u rc e  in  th e  medium was th e  l i m i t i n g
S eco n d ary  m e ta b o lism  and a c t i v e  growi fi a re  g e n e r a l l y  c o n s id e r e d  Co bs 
c o m p e ti t iv e  and m u tu a lly  e x t ’- .s iv e  p r o c e s s e s .  Bu" Lock (1965) h as su g ­
g e s te d  th a t  th e  c o n c e n t r a t io n  " v a r io u s  in te r m e d ia te s  i n c r e a s e s  v a p id ly  
when a c t iv e  grow th  i s  c e rm in a tv u  and t h a t  se c o n d a ry  m e ta b o l ic  pa thw ays 
a re  " sw itc h e d  o n "  f u l l y ,  to  a l i u v i a t e  t h i s  b u i ld  u p , m oaning t h a t  once
he s u b s t r a t e s  a r e  a v a i l a b l e ,  th -  enzymes in v o lv e d  a re  s y n th e s is e d .  Thus 
th e  i n c r e a s e  in  th e  r a t e  o f  CA p r o d u c tio n  when p r im a ry  m stsb o J ism  i s  d e ­
c l i n i n g  may be due to  th e  in c re a s e d  a v a i l a b i l i t y  o f  t r y p to p h a n  or 
d im e th y l a l ly I p y ro p h o s p h a to .  T h is  c o u ld  le a d  to  a c c e l e r a t e d  CA p r o d u c tio n  
(N e e th l in g  1972 ). L uckner (1975) has su g g e s te d  t h a t  th e  enzymes a re  
p ro d u ce d  b e fo r e  th e v  Ore n e ed e d , o r  a t  l e a s t  b e fo re  th e  s u b s t r a t e s  become 
a v a i l a b l e  t o  t h e s e  enzym es. I t  i s  known w ith  P .cy cJ o p iu m  t h a t  th e  s e c ­
o n d a ry  t r a n s f e r a s e  i s  p ro d u ce d  e a r ly  (day  2 -3 )  and i s  in  f a c t  d e p le t i n g
b ands was t h e  t r a n s f e r a s e  and one o f  th e  la r g e r  s u b s id i a r y  b a n d s , n o t
v i s i b l e  t o  t h e  n a k ed  e y e , was th e  iso m e re se .
The v i s i b l e  bands c o u ld  be u se d  to  check  th e  u n i fo r m i ty  o f  th e  ru n  by 
t h e i r  s t r a i g h t n e s s .  I t  a l s o  f a c i l i t a t e d  th e  rem oval o f  t h e  bands f o r  
a s s a y in g  as th e  bands n o t v i s i b l e  t o  th e  naked eye  fo llo w e d  th e  c o n to u rs
o f  t h e  v i s i b l e  b a n d s . The bands w ere a l s o  u s e f u l  in  d e te rm in in g  th e  a c ­
c u ra c y  o f  th e  r u n , f o r  i f  th e  e le c t r o d e s  h ' sen  i n c o r r e c t l y  f i t t e d  th e n
th e  bands becam e d i s t o r t e d  o v e r  th e  le n g t .  th e  g e l  b e d .
3 .5  P r o d u c tio n  o f  t h e  S e c o n d a r y  T r a n s f e r a s e  b y  P e n ic illiu m  c y c lo p iu m  
in M inimal a n d  R ich  M edia
D u rin g  th e  p h a se  o f  r a p id  grow th  o f  P .e y e lo p ia m  s m a ll am ounts  o f  CA a re  
p ro d u c e d , how ever a s h a rp  in c r e » - e  in  t h e  r a t e  o f  CA p r o d u c tio n  i s  seen  
f o l lo w in g  th e  d e c l in e  in  th* ic y  o f  th e  p r im a ry  m e ta b o l ic  p r o c e s s .
The d e c l in e  in  p r im a ry  ror ,m «iid th e  a t te n d a n t  a c c e l e r a t i o n  in  CA
p r o d u c tio n  a r e  r e l a t e d  t o  th e  d e p le t i o n  o f  n u t r i e n t s  (N e e tb l in g  1972 ).
In  t h e s e  e x p e r im e n ts  th e  n i t r o g e n  s o u r c e  in  th e  medium was th e  l im i t in g
S eco n d ary  ■ ' n b o lism  and a c t i v e  g row th  a re  g e n e r a l l y  c o n s id e r e d  to  be
c o m p e ti t iv  .id m u tu a l ly  e x c lu s iv e  p r o c e s s e s . Bu'L ock (1965) h a s  su g ­
g e s te d  t h a t  th e  c o n c e n t r a t io n  o f  v a r io u s  in te r m e d ia te s  in c r e a s e s  r a p id l y  
when a c t iv e  g row th  i s  te rm in a t e d  and t h a t  s e c o n d a ry  m e ta b o l ic  pa thw ays 
a r e  " sw itc h e d  o n "  f u l l y ,  t o  a l l e v i a t e  ' h i s  b u i ld  up , m eaning  t h a t  once
he s u b s t r a t e s  a re  a v a i l a b l e ,  th e  e n z y  in v o lv e d  a re  s y n th e s is e d .  Thus 
t h e  in c re a s e  in  th e  r a t e  o f  CA p r o d u c  u;. when p r im a ry  m e tab o lism  i s  d e ­
c l i n i n g  may be due to  th e  i n c re a s e d  < : : a b i l i  y o f  t r y p to p h a n  o r
d im e th y la l ly lp y ro p h o s p h f l te .  T h is  c o v . . . . t o  a c c e l e r a t e d  CA p r o d u c tio n  
( N e e th l in g  1972 ). L uckner (1975 ) h a t s ‘l u s t e d  t h a t  th e  enzymes a re  
p ro d u ce d  b e fo r e  th e y  a re  n e e d e d , o r  'i. j - a s t  b e fo r e  th e  s u b s t r a t e s  become 
a v a i l a b l e  t o  th e s e  enzym es. I t  i s  known w ith  P .c y c lo p iu m  t h a t  t h e  s e c ­
o n d a ry  t r a n s f e r a s e  i s  p ro d u ce d  e a r ly  (day  2 -3 )  and i s  in  f a c t  d e p le t i n g
when maximal CA p r o d u c tio n  o c c u r s .  The s e c o n d a ry  t r a n s f e r a s e  a p p e a rs  a t  
th e  same tim e  a s  th e  p r im a ry  t r a n s f e r a s e  in  P .c y c lo p iu m  and may th e r e f o r e  
be on th e  same o p e ro n . I f  t h i s  w ere  so  th e n  th e  se c o n d a ry  t r a n s f e r a s e  may 
w e l l  be p ro d u ce d  in d e p e n d e n tly  o f  th e  ty p e  o f  medium ( e i t h e r  w e l l -d e f in e d  
o r  r i c h ) , i n  o th e r  w ords th e  se c o n d a ry  t r a n s f e r a s e  may be  p ro d u ce d  in d e ­
p e n d e n tly  o f  CA p ro d u c tio n
In  o r d e r  t o  i n v e s t i g a t e  t h i s  P .cy cJ o p iu m  was grown on two n u t r i e n t  s o u r c e s  
w here  i t  i s  known (N c e th l in g  1972) t h a t  P .cy cJ o p iu m  grown on KaHC^ as 
n i t r o g e n  s o u r c e  p ro d u ce s  la rg e  am ounts o f  CA (99.08m g/gm  m ycelium ) b u t 
th e  l e a s t  m ycelium  ( 0 . 29gm./ 300mE c u l tu r e  m edium ), W hereas i f  P .cy cJ o p iu m  
i s  grown on CSL th e  y i e ld  o f  CA i s  low ( 8 . 85mg/gm m ycelium ) b u t m y c e lia l  
p r o d u c tio n  i s  h ig h  (2gm/100m£ c u l tu r e  m edium ).
A s o lu t io n  o f  cAAtrp was p re p a re d  c o n ta in in g  7 5 . lug/m £ cAAtrp (lO .Sro t) 
w hich  when run  on a t . l . c .  p l a t e  d i s p l a y e d  one m a jo r band w ith  one m inor 
band im m ed ia te ly  below  i t .  T h is  cAAtrp was th e n  u se d  in  an a s sa y  u s in g  
enzyme e x t r a c t s  from P .c y c lo p iu m  ( i e  th e  d r i e d  pow der r e su sp e n d e d  in  e x ­
t r a c t i o n  b u f f e r  and c e n t r i f u g e d  a t  A8000g f o r  th r e e  h o u r s ,  t o  p ro v id e  a 
c l e a r  s u p e rn a ta n t  s o lu t io n  c o n ta in in g  th e  p r im a ry  and s e c o n d a ry  
t r a n s f e r a s e ' s  and th e  i s o m e r a s e ) . The u se  o f  th e  p u r i f i e d  cAA trp in  th e  
s e c o n d a ry  t r a n s f e r a s e  a s sa y  c o n firm s  i t s  s ta n d in g  a s  a s u b s t r a t e  o f  th e  
se c o n d a ry  t r a n s f e r a s e  as in  u se  w ith  [ l - ^ C ]  IPP o n ly  8-CA was l a b e l l e d .  
The r e s u l t s  o f  th e  enzyme a s sa y  u s in g  cAA trp a re  shown in  T a b le  7 , w here 
i d e n t i c a l  p ro c o e d u ro s  w ere fo llo w ed  f o r  t h e  t r e a tm e n ts  t o  th e  s e c o n d a ry  
t r a n s f e r a s e s  grown on b o th  KaKOj and CSL.
In tu b e  1 and 2 a f t e r  in c u b a tio n  f o r  5 m in , th e  r e a c t i o n  was s to p p e d  w ith  
HC1 and each  tu b e  e x t r a c t e d  w ith  Im t o f  c h lo ro fo rm  c o n ta in in g  1» a -a n d  
B-CA and cA A trp ; 500p£ o f  th e  c h lo ro fo rm  from each  tu b e  was th e n  la y e re d  
o n to  t . l . c .  p l a t e s  and d e v e lo p e d . The s i l i c a  g e l bands c o n ta in in g  a -  and 
B-CA w ore s c ra p e d  o f f  and t e s t e d  f o r  r a d i o - a c t i v i t y .  T ubes 3 and 4 w ere  
t r e a t e d  in  t h e  same way 'ix c c p t t h e  in te r m e d ia te s  w ere  e x t r a c t e d  from  th e  
tu b e s  u s in g  1% o f  each  o f  f a r n e s o l ; n e r o l i d o l  and g e r a n io l  in  c h lo ro fo rm
!TABLE ? Enzyme a s s a y  o f  th e  se c o n d a ry  t r a n s f e r a s e  w ith  cAAtry,
The a ssa y  was c a r r i e d  o u t on enzyme e x t r a c t s  grown on two m ed ia:
1: Med-’'IB w ith  NaNO^ as n i t r o g e n  ..ou rce  
2: Medium w ith  CSL as n i t r o g e n  so u rc e  
The am ounts a re  shown b e lo w ;
I n c u b a tio n
roed’ um(mt)
P u r i f i e d
cA A trp(m l)






Tube ) & 2 : I n c u b a tio n  medium : pH 6 .5  (lOmM) TRIS riC l; 50 y mole 
MnSO^.VKpO; OTE ImM; 5 9 .4 3  n mole | 1 - 14C]
Tube 3 & 4 I n c u b a tio n  medium : p}| 1 ,6  (lOraN) TRIS IIC1; 50 u mole 
MgSO^.VKjO; DTE ImM; 5 9 .4 3  n mole | 1 - U C]
Tube 1 i s  th e  b la n k  f o r  tu b e  2 , w hich shows th e  s e c o n d a ry  t r a n s f e r a s e  
a c t i v i t y  a t  pH 6 .5 ,  w here th e  iso m e ra se  i s  m ost a c t i v e .  Tube 3 i s  th e  
b la n k  t o r  Lube 4 , w hich shows th e  a c t i v i t y  o f  she  s e c o n d a ry  t r a n s f e r a s e  
a t  pH 7 .6 ,  w here  th e  iso m e ra se  i s  a lm o s t i n a c t i v e . The iso m e ra se  i s  used  
p ro d u ce  DMAPP, one o f  t h e  s e c o n d a ry  t r a r s f ^ r a s e s  s u b s t r a t e s .
; f o r  tu b e  3 t h e  SGOyt was added s t r a i g h t  t o  s c i n t i l l a t i o n  f l u i d ;  f o r  tu b e  
4 th e  50 0 u t was p l a t e d  o u t  and run  on t . I . e .  p l a t e s . The a -a n d  B-CA was 
th e n  s c ra p e d  o f f  and t e s t e d  f o r  r a d i o - a c t i v i t y .
T hese  r e s u l t s  show t h a t  t h e  » • condary  t r a n s f e r a s e  from P .c y c lo p iu m  grown 
on CSL i s  p r e s e n t  and i s  a s  a c t i v e  as th e  se c o n d a ry  t r a n s f e r a s e  from  
P .cycJopju iB  grown on NaNOj. The c o n c e n t r a t io n  o f  th e  enzyme i s  low due 
to  t h e  amount o f  d i l u t i o n  in v o lv e d  in  th e  a s s a y . As i t  h as  been  p r e v io u s ly  
found ( N e e th l in g  1972) t h a t  P .c y c lo p iu m  grown on CSL c a u se s  th e  g r e a t e s t  
m y c e l ia l  g ro w th  (2gn>/lC]Dml) b u t th e  l e a s t  CA y i e l d  (6.85m g/gm  m ycelium ) 
w h erea s P .c y c lo p iu m  grown on NaN03 c a u se s  th e  l e a s t  m y c e lia l  grow th 
(0.29gm /100m f) b u t t h e  g r e a t e s t  CA p r o d u c tio n  (99.0Sm g/gm  m y c e liu m ).
I t  i s  t h e r e f o r e  im p o r ta n t  to  n o te  th a t  a s  l a r g e r  m asses o f  P .c y c lo p iu m  
can be grown up on CSL and t h a t  th e  same amount o f  se c o n d a ry  t r a n s f e r a s e  
a c t i v i t y  i s  found  in  t h e  same mass o f  d r i e d  m y c e lia  t h a t  t h i s  m ethod o f  
g row th  a llo w s  f o r  th e  e x t r a c t io n  o f  la r g e  am ounts o f  se c o n d a ry  t r a n s f e r a s e  
from  P .c y c lo p iu m  . From T ab le  7 i t  can  be se en  t h a t  i f  a c o r r e c t io n  i s  
made f o r  th e  b la n k  th e  a c t i v i t y  o f  CSL e x t r a c t e d  enzymes i s  th e  same as 
t h a t  o f  th e  enzymes e x t r a c t e d  from  KaNO^ as n i t r o g e n  s o u r c e . As a 77 f o ld  
d e c r e a s e  in  CA p r o d u c tio n  i s  known (N e e th l in g  1972) t o  o c c u r  in  
P .c y c lo p iu m  grown on CSL as opposed  to  NaN03 and y e t  th e  l e v e l s  o f  t h e  
se c o n d a ry  t r a n s f e r a s e ,  w hich i s  r e s p o n s i b le  f o r  CA p r o d u c t io n ,  a re  th e  
sam e. T h is  i s  s u g g e s t iv e  t h a t  some f a c to r  o th e r  th a n  th e  amount o f  enzyme 
i s  r e s p o n s i b le  f o r  th e  d e c re a s e d  CA p r o d u c tio n  found  in  P .c y c lo p iu m  grown
The c o n t r o l  o f  s e c o n d a ry  m e tab o lism  h a s  r e c ie v e d  some s tu d y ,  b u t  v e ry  
l i t t l e  i s  s t i l l  known o f  th e  c o n tro l  p o in t s .  Bu 'L ock  (1960) made a g e n e r a l  
o b s e rv a t io n  t h a t  in  many p r o c e s s e s  o f  p r im a ry  m e tab o lism  th e  o v e r a l l  
k i n e t i c s  a re  n o rm a l ly  g overned  by s u b s t r a t e  l e v e l , b e c a u se  th e  enzymes 
a re  u s u a l ly  p r e s e n t  i n  e x c e s s . S e condary  m e tab o lism  i s  u s u a l ly  how ever 
enzyme l i m i t e d , p o s s ib l y  b e c a u se  o f  th e  p o s i t i o n  o f  s e c o n d a ry  m e tab o lism
i n  th e  g e n e r a l  economy o f  th e  c e l l ,  o r  b e ca u se  o f  t h e  m anner in  w hich 
se c o n d a ry  m e ta b o l ic  pa th w ay s b ran c h  o f f  from  th e  p r im a ry  n e tw o rk .
L uckner e t  a ]  (1977) d e m o n s tra te d  t h a t  in  m ic ro o rg a n ism s  and h ig h e r  p l a n t s  
t h e  a c t i v i t i e s  o f  enzymes in v o lv e d  in  s e c o n d a ry  m e tab o lism  a p p e a r  b e fo r e  
o r  d u r in g  th e  p e r io d  o f  se c o n d a ry  p ro d u c t b io s y n t h e s i s ,  and t h a t  e x ­
p r e s s i o n  depends on th e  d e  novo  s y n th e s is  o f  RNA and p r o t e i n s .  L uckner 
goes on to  say  t h a t  a l th o u g h  r e g u la t i o n  o f  th e  amount o f  enzyme p la y s  a 
p a r t  in  th e  r e g u la t i o n  o f  s e c o n d a ry  m e tab o lism , r e g u la t i o n  o f  t h e  enzyme 
a c t i v i t y  may be a s  im p o r ta n t .  L uckner e t  aJ  (1977) s u g g e s ts  
c o m p a r tm e n ta tio n  o f  th e  enzymes o r  th e  p r o d u c tio n  o f  enzyme w hich  i s  im ­
m e d ia te ly  r e n d e re d  in a c t i v e  e i t h e r  by th e  b in d in g  o f  c o - f a c t o r s ,  
enzyme-enzym e b in d in g  o r  th e  b in d in g  o f  enzyme t o  o r g a n e l l e  membranes as 
th e  p rim a ry  c o n t r o l  o f  se c o n d a ry  m e tabo lism .
B u1 Lock (1980) on th e  o th e r  hand  a g re e s  o n ly  w ith  L uckner in  vha t th e  
c o n t r o l  o f  enzyme s y n th e s i s  i s  im p o r ta n t . Bu 'L ock  s t a t e s  t h a t  c o n t r o l l i n g  
m echanism s w hich  a c t  a t  th e  le v e l  o f  gene e x p r e s s io n ,  and g o v e rn  de novo 
enzyme s y n th e s is  a r e  p r o b a b ly  th e  m ost im p o r ta n t  c o n t r o l  p o in t s  in  s e c ­
o n d a ry  m e tab o lism . In  e f f e c t , d u r in g  s e c o n d a ry  m e tab o lism  , u nde r c e r t a i n  
n u t r i e n t  s h o r t a g e s , th e  m ic ro o rg a n ism  e x p re s s e s  a s e r i e s  o f  g en es w hich 
a r e  s i l e n c e d  u n d e r  optim um grow th  c o n d i t i o n s .
Such a c o n t r o l  m echanism  can be found  in  b a c t e r i a  and i s  known as 
" c a t a b o l i t e  r e p r e s s i o n " . In  b a c t e r i a  t h i s  c o n t r o l s  th e  i n i t i a t i o n  o f  gene 
t r a n s c r i p t i o n  by p r o v id in g  common c o n t ro l  f o r  a la r g e  num ber o f  u n lin k e d  
■-ene s i t e s .  In  t h i s  sy s te m  each  in d iv id u a l  s i t e  can  s t i l l  b e  s u b je c t  t o  
n o re  s p e c i f i c  c o n t r o l s  su c h  as s u b s t r a t e  o r  p ro d u c t l in k e d  d e re p re s s io n
The p r o d u c tio n  o f  enzymes le a d in g  to  th e  f o rm a tio n  o f  a -  and 6-CA in  
P .c y c lo p iu tn  grown on n i t r o g e n  l im i te d  medium (NaKO^ m in im al medium, s e e  
2 .1 ( A ) )  i s  w e l l  known. The p r o d u c tio n  o f  an a c t i v e  s e c o n d a ry  t r a n s f e r a s e  
from  P .c y c lo p iu m  grown on CSL (w hich  i s  n o t  n i t r o g e n  l i m i t i n g )  h a s  now
how ever been  show n. T h e re fo re  Bu1L o c k 's  h y p o th e s is  t h a t  th e  p r o d u c tio n  
o f  th e  a c t i v e  enzyme i s  de p en d a n t on n u t r i e n t  s h o r ta g e  c a u s in g  th e  gene 
f o r  t h e  s e c o n d a ry  t r a n s f e r a s e  t o  be  d e re p re s s e d  o b v io u s ly  does n o t  o c cu r  
i n  P .c y c lo p iu m  f o r  th e  p ro d u c tio n  o f  o -a n d  B-CA. S im i la r ly  th e  enzymes 
u se d  in  th e  above e x p e r im e n t w ere from  a c e n t r i f u g e d  c e l l  f r e e  e x t r a c t .  
As su c h  i t  w ould be e x p e c te d  t h a t  any c o - f a c t o r s  a t ta c h e d  to  th e  enzym es, 
o r  c o v a le n t  o r  h yd rogen  bonds form ed be tw een  enzymes w ould rem a in  i n t a c t ,  
and any enzyme bonded to  o r g a n e l le  membranes w ould b e  c e n t r i f u g e d  o u t .  
T h e re fo re  a c c o rd in g  t o  L uekner m ost o f  t h e  se c o n d a ry  t r a n s f e r a s e  found 
in  th e  P .cy cJ o p iu m  grown on CSL w ould be i n  th e  i n a c t i v e  form  (o r  
c e n t r i f u g e d  down and d is c a r d e d  a t ta c h e d  t o  o r g a n e l l e  m em branes). However 
when th e  above e x p e r im e n t was c a r r i e d  o u t ,  u s in g  c ru d e  se co n d a ry  
t r a n s f e r a s e  from  P .c y c J o p J u a  grown on b o th  CSL and NaNOj i t  was found t h a t  
th e  enzymes had  th e  same a c t i v i t i e s  u n d e r  i d e n t i c a l  c o n d i t io n s .  T h is  
s u g g e s ts  t h a t  some f a c to r  o th e r  th a n  c o m p a rtm e n ta tio n  and in a c t i v a t i o n  
o r  r e p r e s s io n  o f  th e  g e n es c o n ce rn e d  i s  r e s p o n s i b l e  f o r  th e  i n h i b i t i o n  
o f  th e  s e c o n d a ry  t r a n s f e r a s e  in  P .c y c lo p iu m .
I t  can  nou be  s e e n  t h a t  th e  s e c o n d a ry  t r a n s f e r a s e  i s  p roduced  in  an a c t iv e  
s t a t e  u n der c o n d i t io n s  o f  no n u t r i e n t  s t r e s s  in  P .c y c lo p iu m . P e rh a p s  an 
a l t e r n a t i v e  h y p o th e s is  t o  th o s e  o f  Bu' Lock and L uekner w ould b e  t h a t ,  
a l th o u g h  th e  s e c o n d a ry  t r a n s f e r a s e  i s  p ro d u ce d  in  an a c t iv e  fo rm , when 
p r im a ry  m e tab o lism  i s  u n d e r  no s t r e s s ,  c o m p e ti t io n  by s e c o n d a ry  
m e tab o lism  f o r  s u b s t r a t e s  from  p r im a ry  m e tab o lism  i s  low . Y et when p r im a ry  
m e tab o lism  i s  u n d e r  n u t r i e n t  s t r e s s  i t  i s  e a s i e r  f o r  th e  enzymes o f  s e c ­
on d a ry  m e ta b o lism  to  o b t a in  t h e i r  s u b s t r a t e s  fro®  p r im a ry  m e tab o lism  and 
•'•.condary p r o d u c ts  a re  fo rm ed.
TH E  M ETA BO LITES
C y c lo p ia z o n ic  a c id  h a s  been p r e v io u s ly  i s o l a t e d  by H o lz a p fe l  (1 9 6 8 ) ,  u s ­
in g  a c e l l u l o s e  p e c k in g  and e lu t i n g  w ith  s  g r a d ie n t  u s in g  3.5H  fo rm ic  a c id  
i n  1 :1  aqueous m e th a n o l ,  a s  can be s e e n  a v e ry  h ig h  io n ic  s t r e n g th  s o l ­
u t io n  was needed  t o  e lu t e  th e  CA. S im i la r ly  in  th e  fo l lo w in g  e x p e r im e n ts  
u s in g  XAD-2, s i l i c a  g e l and Sephadex G10 i t  was found  to  be  e x tre m e ly  
d i f f i c u l t  t o  rem ove th e  CA from  th e  p a c k in g  i e .  100% m e th an o l , 100% 
p r o p io n ic  a c id  and 2.SM ammonium fo rm ate  had no e f f e c t  on th e  e l u t i o n  o f  
CA, and e v e n tu a l ly  i t  was found to  be n e c e s s a r y  t o  u se  50% a c e to n e  a t  pH 
2 t o  b re a k  th e  bonds h o ld in g  th e  CA to  th e  column p a c k in g . H ydrogen 
bond in g  i s  t h e r e f o r e  p r o b a b ly  r e s p o n s ib le  f o r  t h i s  b in d in g ,  b e c a u se  50% 
a c e to n e  a t  pH 2 i s  a w e ll known H-bond d i s r u p t e r .  A lthough  f o r  t h e  s e p a ­
r a t i o n  o f  CA, cA A trp , t r p - y  and t r p - z  th e  s t r o n g  b in d in g  i s  a p ro b lem , 
i t  i s  i n t e r e s t i n g  r o  s p e c u la te  a s  t o  w h e th e r  th e  s tr o n g  b in d in g  o f  CA to  
th e  c a rb o h y d ra te  in  th e  column p a c k in g s  i s  r e l a t e d  t o  th e  way in  w hich 
CA b r in g s  a b o u t d e a th  in  a n im a ls  ie  i n h i b i t i n g  c a r b o h y d ra te  movement o r  
by c h e l a t i n g  Mg^4- o r  Mn^+ .
I t  was found t h a t  i f  sam p les  t  f th e  f r a c . > . s  c o n ta in in g  CA, cA A trp , t r p - y  
and t r p - z  w ere  run  on t . l . c .  p l a t e s  a f t e r  s e p a r a t i o n ,  t h a t  v a r io u s  bands 
a p p e a re d , in s t e a d  o f  a s in g l e  band f o r  eac h  compound. The g roups o f  bands 
e ac h  s ta in e d  th e  c o r r e c t  c o lo u r  w ith  E h r l ic h  r e a g e n t ,  and had R .F . v a lu e s  
in  c lo s e  p r o x im ity  t o  each o th e r .  I t  i s  known t h a t  CA has fo u r  p o s s ib l e  
s te r e o is o m e r s ,  and in  a l l  th e  run  p l a t e s  CA a p p ea re d  w ith  two b a nds a t  
e ac h  o f  t h e  o -an d  8- p o s i t i o n s  and in  m ost c a s e s  a p p e a re d  t o  show th r e e  
r  fo u r  bands f o r  eac h  ty p e  ( s e e  F ig u re  12 ).
T h roughou t cAAtrp h as shown two d i s t i n c t  b a n d s , a s  have  t r p - y  and t r p - z .  
I t  was a l s o  n o t ic e d  t h a t  many (betw een  5 and 13) bands w ere seen  be tw een  
o-CA and try p to p h a n  a t  th e  b a se  l i n e ,  s u g g e s t in g  many more unknown 
in te r m e d ia te s  o r  iso m ers  o f  i n te r m e d i a te s .  Time p e r m i t t in g  i t  w ould have 
b e en  i n t e r e s t i n g  t o  i s o l a t e  th e s e  in te r m e d ia te s  in  q u a n t i t i e s  la r g e  
enough t o  a llo w  t h e i r  s t r u c t u r e s  t o  b e  e lu c id a te d  and to  a tte m p t

r e - f e e d i n g  e x p e r im e n ts  in  b o th  grow ing  c u l tu r e s  and w i th  i s o l a t e d  
enzym es.
3 ,6  C h r o m a to g r a p h y  of t h e  M e ta b o lite s  o f P en ic illiu m  c y c lo p iu m  in  CA 
P ro d u c tio n
C u l tu re s  w ere grown on sodium  n i t r a t e  medium f o r  f i v e  d a y s , b o th  th e  
aqueous and o r g a n ic  l a y e r s  w ere  ta k e n  and th e  m e ta b o l i te s  e x t r a c t e d  
( 2 .3 a ) .  T hese  m e ta b o l i te s  <nov in  one mt a l i q u o t s )  w ere u se d  on th e  
co lum ns, a sm a ll p o r t i o n  o f  th e  sam p les b e in g  run  on a t . l . c .  p l a t e  to  
check  th e  p re se n c e  o f  a l l  m e ta b o l i te s .  T hree  column p a c k in g s  w ere  exam­
in e d ,  ( i )  XAD'2, ( i i )  S i l i c a  g e l  and ( i i i )  Sephodex G10.
I n i t i a l l y  an XAD-2 p a c k in g  was u se d , XAD-2 i s  a n o n - p o la r  a d s o rb e n t  
p re p a re d  by c o p o ly m e r is a t io n  o f  s ty r e n e  and d iv in y lb e n a e n e , i t  form s v e ry  
p o ro u s  m ic ro s p h e re s ,  b u t p e n e t r a t i o n  i s  low and m ost o f  th e  a d s o rp t io n  
phenomena ta k e  p la c e  on the- s u r f a c e .  The a d s o rp t io n  e f f e c t s  a r e  b a sed  on 
van d e r  V ea ls  i n t e r a c t i o n s  be tw een  th e  hyd ro p h o b ic  p a r t  o f  th e  m o le cu le  
and th e  n o n -p o la r  m a t r ix .  A d so rp tio n  i s  s t i o n g e r  th e  more p o la r  th e  
e d s o rb a n t  and h ence  s u b s ta n c e s  a re  v e ry  s t r o n g ly  a d so rb e d  from  w a te r  
(anonymous 1971 ), I t  h a s  been used  f o r  exam ple in  th e  s e p a r a t io n  o f  
aqueous s o lu t io n s  o f  m eat f l a v o u r  p r e c u rs o r s  (Z a ik a  e£ £2 1 9 6 6 ), f o r  th e  
e l im in a t io n  o f  e x c e s s  p i c r i c  a c id  used  in  th e  d c p r o t e in l a a t i c n  o f  c e l l  
e x t r a c t s  (Z a ik a  1969) and th e  s e p a r a t io n  o f  n i t r o -  and c h lo ro p h e n o ls  
(G r ie s e r  1973 ), and in  th e  p a r t i a l  p u r i f i c a t i o n  o f  t r a n s f e r a s e  fro c ' p ig  
l i v e r  (Holoway & P o p jak  1 967 ), In  t h i s  work m e thano l was used  to  wash 
. . .u ta b o li te s  o f f  th e  co lum n, how ever t h i s  te c h n iq u e  p ro v ed  u n s a t i s f a c to r y  
a s  th e  CA w ashed o f f  th e  column in d is c r im in a t e ly  and th u s  c o n ta m in a te d  
a l l  th e  f r a c t i o n s  even  though  s e p a r a t io n  a p p ea re d  to  o c cu r  ( s e e  F ig s  13, 
14 & 1 5 ) . I t  was th e n  d e c id e d  to  u se  a S i l i c a  g e l colum n as p re v io u s  work 
w ith  t . l . c .  p l a t e s  had shown good s e p a r a t i o n .  However i t  became o b v io u s 
t h a t  th e  m ethods o f  s e p a r a t io n  in  t h e  column and on th e  p l a t e  d i f f e r e d  
a s  no s e p a r a t io n  was p o s s ib l e  on th e  s i l i c a  g e , co lum n. I t  i s  p o s s ib l e  
t h a t  t h i s  la c k  o f  s u c c e s s  u s in g  th e  s i l i c a  g e l colum n i s  due to  th e  f a c t
F ig u re  13.
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E lu t i o n  p r o f i l e  o f  a sh a llo w  g r a d ie n t  f ro tr  an XAD-2 c o l ­
umn: In  an a tte m p t t o  s e p a r a t e  cAA trp from  th e  o th e r
se c o n d a ry  m e ta b o l i te s  o f  P .c y e J e p iv e  A m b e r li te  XAD-2 
was used  as th e  p a c k in g , The sam ple  was added  to  th e  
co lum n (30  x  13cm) v ia  an LKB v a r io p e r p e x  pump. The above 
columr. was e lu te d  w ith  20mt a l i q u o t s  from  20 -  50% 
m ethano l in  s te p w is e  in c r e a s e s  o f  2%. a -a n d  6-CA were 
found  in  a l l  o f  th e  f r a c t i o n s -  A bso rbance  was m easured 
by f l o t  th ro u g h  c e l l  a t 26Gnm.
* m et ha ne  1 (wash*
F ig u re  14. E lu t io n  p r o f i l e  o f  e m ediae  g r a d ie n t  from  an XAD-2 
to lu m n : In  an a tte m p t t o  s e p a r a t e  cAA trp from  th e  o th e r
se c o n d a ry  m e ta b o l i te s  o f  P .cy clo p S u m  A m b e r li te  XAD-2 
was u se d  as th e  p a c k in g . The sam ple  was added to  th e  
colum n (30 x 15cm! v ia  an LKB v a r io p e r p e x  pump. The 
colum n was e lu te d  w ith  20mC a l i q u o t s  o f  m e th a n o l , in  
s te p w is e  in c r e a s e s  o f  5 « . a -a n d  B-CA w ere found  in  a l l  
o f  t h e  f r a c t i o n s .  A bsorbance  was m easured  by flow  
th ro u g h  c e l l  a t  260nm.
E lu t i o n  p r o f i l e  o f  a medium g r a d ie n t  from  an XAD-2 
co lum n: In  an a tte m p t t o  s e p a r a t e  cAA trp from  th e  o th e r
se c o n d a ry  m e ta b o l i te s  o f  P .cy cJ o p iv m  A m b e rli te  XAD-2 
was u se d  a s  th e  p a c k in g . The sam ple  was added to  th e  
colum n (20  x 15cm) v i a  an LKE v a r iv p e r p e x  pump. The 
colum n was e lu te d  w ith  20mi a l i q u o t s  o f  m e th a n o l ,  in  
s te p w is e  in c r e a s e s  o f  5°,. a -a n d  B-Ca w ere found  in  a l l  
o f  th e  f r a c t i o n s .  A bso rbance  was m easured  by flow  
th ro u g h  c e l l  a t  26fmm.
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% m e th a n o l  (w as h)
F ig u re E lu t i o n  p r o f i l e  from  a s t e e p  g r a d i e n t  from  &ji XAD-2 c o l ­
umn: In  an a t te m p t t o  s e p a r a t e  cAA trp from  th e  o th e r
s e c o n d a ry  m e ta b o l i te s  o f  P .cy cJ o p .iu a  A m b e rli te  XAD-2 was 
u se d  as th e  p a c k in g . The sam ple  was added to  th e  column 
(30 x 15cm) v i a  an LKB v a r io p e r p e x  pump. The above column 
was e lu te d  w ith  a SOrot a l i q u o t  o f  7% m e th an o l fo llo w e d  
by 50rot a l iquo tr-  o f  each  o f  20 , 4 0 , , 6 0 , 60 and 100% 
m e th a n o l . D e te c t io n  was by flow  th ro u g h  c e l l  a t  280nro. 
q - and B-CA w ere found  in  a l l  o f  th e  f r a c t i o n s .
' . a
FRACTION NUMBER
16. E lu t i o n  p r o f i l e  from  a 
to  s e p a r a t e  cAA trp frc  
o f  P .cy cJ o p iu io  S i l i c i  
p a c k in g -  ’The sam ple  wa
s i l i c a  g e l colum n: In  an a tte m p t
a th e  o th e r  s e c o n d a ry  m e ta b o l i te s  
g e l ( K ie s e lg e l )  was u se d  a s  th e  
added  to  t h e  column (30  x 35cm)
v ia  an LKB v a r io p c r p e x  pump. The above colum n was d e ­
v e lo p e d  u s in g  e th y l  a c e ta te /a m m o n ia /m e th a n o l ( 9 5 : 2 .5 :2 .5 )  
and th e  f r a c t i o n s  r e a d  u s in g  • a Beckman DB 
s p e c tr o p h o to m e te r .  o -an d  B-CA wern found in  a l l  o f  th e
t h a t  Cb2+ i s  u se d  in  t h e  t . I . e .  p l a t e s  t o  f i x  th e  s i l i c a  t o  th e  g la s s  
p l a t e ,  w h i l s t  i t  i s  n o t  p r e s e n t  in  th e  co lum n. T hus th e  s e p a r a t io n  seen  
on th e  t . l . c .  p l a t e s  may be due more t o  th e  c h e l a t i o n  e f f e c t s  o f  b - and 
6 -  CA th a n  th e  no rm al t . l . c  s e p a r a t io n  e f f e c t s .  As se en  w ith  th e  XAD-2 
th e  CA bound s t r o n g ly  t o  th e  s i l i c a  g e l and was n o t  w ashed o f f  w ith  e i t h e r  
m e thano l o r  p r o p a n o l  and a s  s u c c e s s iv e  sam p les w ere  added to  th e  column 
so  th e  c o n ta m in a t io n  o f  th e  f r a c t i o n s  by CA became l a r g e r .  In  l a t e r  ex ­
p e r im e n ts  u s in g  th e  s i l i c a  g e l  column 2.5% ammonia (25%) was used  in  th e  
e lu t i o n  b u f f e r  in  an a t te m p t t o  enhance  th e  s e p a r a t io n  as th e  
e th y le c e t a te /m e th a n o l  do n o t ,  when com bined , make a s a t i s f a c t o r y  e lu t i o n  
b u f f e r  (F ig  1 6 ) .
A Sephadex G10 p a c k in g  was th e n  u se d , a s  i t  was th o u g h t t h a t  th e  a ro m a tic  
b in d in g  p r o p e r t i e s  o f  Sephadex  G10 a s  w e l l  a s  i t s  f i l t r a t i o n  e f f e c t s  m igh t 
enhance  s e p a r a t i o n  ( s e e  b e lo w ). ImM EDTA was added  a s  th e  CA i s  known to  
be a s t r o n g  c h e l a t o r  o f  Cu2+ and f)g2+ (S te y n  and R ab ie  1976; H o lz a p fe l 
1 9 6 0 ), and i t  was th o u g h t th a t  th e  c h e l a t i n g  e f f e c t  o f  CA may have been 
th e  c au se  o f  i t s  S t ro n g  b in d in g  to  a l l  th e  column p a c k in g s . A gain i t  was 
found  t h a t  i r r e s p e c t i v e  o f  th e  c o n c e n t ra t io n  o f  m e th a n o l, fo rm ic  a c id  o r  
ammonia u se d  t o  w ash th e  co lum n , th e  CA rem ained  bound t o  t h e  column.
I t  was th e n  d e c id e d  t o  u se  50% a c e to n e  a d ju s te d  t o  pH 2 to  a tte m p t to  
r e l e a s e  th e  CA from  th e  colum n, and t h i s  was found to  work a s  a  la r g e  su rg e  
o f  CA was e lu t e d  from  th e  column a f t e r  i t s  a d d i t i o n .  When th e  f u l l  
300mt o f  50% a c e to n e  pH2 had been p a s se d  th ro u g h  th e  co lum n , v a r io u s  o th e r  
b u f f e r s  w ere ru n  th ro u g h  th e  co lum n, and no e lu t io n  o f  CA c o u ld  be  d e - 
■e c te d  a s  had p r e v io u s ly  o c c u r re d .
When u s in g  th e  low  w a te r  r e g a in  S ephadexes (G10, G15 o r  625 ) c a r e  m ust 
b e  ta k e n  as e f f e c t s  o th e r  th a n  m o le c u la r  s ie v in g  h av e  been  o b se rv e d . The 
m o le c u la r  s i e v in g  p r o p e r t i e s  o f  th e  d e x tra n  g e ls  r e c e iv e d  a t t e n t io n  
f i r s t ,  l a t e r  how ever v a r io u s  o th e r  i n t e r a c t i o n s  w ere  o b se rv e d . P o ra th  
(1960) and G e l o t te  (1960 ) d e s c r ib e d  a number o f  o b s e rv a t io n s  w here su b ­
s ta n c e s  showed a b e h a v io u r  d i f f e r i n g  w id e ly  from  t h a t  w hich  m igh t b e  ex ­
V '
p e c te d  from t h e i r  m o le c u la r  s i z e .  T h a t i s  t h e i r  b e h a v io u r  c o u ld  n o t  b e  
i n t e r p r e t e d  a s  o n ly  a  r e s t r i c t e d  d i f f u s io n  i n to  and th ro u g h  th e  g e l p h a se  
c au se d  by s t e r i c  h in d r a n c e .
W illia m s  (1972) checked  th e  s o lu t e - g e l  i n t e r a c t i o n s  in  g e l  f i l t r a t i o n  in  
v a r io u s  ty p e s  o f  g e l s . He looked  a t  th e  d e x t ra n  (S e p h ad e x ), p o ly a c ry la m id e  
(B io - G e l) ,  and a g a ro se  (S e p h aro se  L B io -G e l)  g e l s .
The in t e r a c t i o n s  be tw een  s o lu t e s  and g e l s  may b e  o f  a r e v e r s i b l e  o r  i r ­
r e v e r s i b l e  n a tu r e ,  th e  l a t t e r  b e in g  uncommon and n o t  w e l l  c a te g o r i s e d .  
Some a u th o rs  have  r e p o r te d  lo s s e s  o f  e m a il am ounts o f  p r o t e i n  on f r e s h ly  
packed  Sephadex colum ns (S te v en so n  1 9 6 8 ). G eorge (1962) r e p o r te d  t h a t  
io n s  o f  heavy m e ta ls  a d so rb  i r r e v e r s i b l y  t o  Sepha/,«x. S im ila r  a d s o rp t io n  
has been  found w ith  dyes and some a ro m a tic  s p e c i e s .  The r e v e r s i b l e  
i n t e r a c t i o n s  may be c l a s s i f i e d  i n t o  t h r e e  m ain c a t e g o r i e s .
1 . I o n ic  I n t e r a c t i o n s
The Sephadex and B io -G e l P g e ls  c o n ta in  a low number o f  c a r b o x y lic  
g roups in  th e  m a tr ix .  T hus, in  d i s t i l l e d  w a te r  o r  e lu a n ts  o f  low io n ic  
s t r e n g th ,  th e y  can  e x h ib i t  c a t io n  exchange p r o p e r t i e s .  As th e  
c a rb o x y l c o n to r t  i s  a lm o s t c o n s ta n t  th ro u g h o u t th e  g e l  r a n g e s ,  th e  
c h a rg e  d e n s i ty ,  in  th e  sw o lle n  g e l ,  i s  h ig h e r  in  th e  low er w a te r  r e ­
g a in  g e l s ,  i . e .  i t  i s  more n o t ic e a b le  in  Sephadex  G10 th a n  i t  i s  in  
Sephadex G200. In  s o lu t io n s  o f  low io n ic  s t r e n g th ,  a c id i c  s p e c ie s  
a re  e x c lu d e d  from  th e  g e l ,  and th u s  t h e i r  e lu t i o n  i s  sp e ed e d . Con­
v e r s e ly  t h e  e l u t i o n  o f  b a s ic  m a te r ia l  i s  r e t a r d e d .
G e lo t te  ( I9 6 0 )  r e p o r te d  th e  e x c lu s io n  o f  am ino a c id s  from  Sephadex 
in  low io n i c  s t r e n g th  e lu a n t s .  S im i l a r ly  th e  e x c lu s io n  o f  in o r g a n ic  
a n io n s  from  th e  g e l  i s  w ell known ( S p i t z y  e r  a j  1 9 6 1 ). The r e t e n t io n  
o f  b a s ic  p r o t e i n s  on Sephadex was u t i l i z e d  by M iranda e t  s7  (1962) 
t o  s e p a r a t e  s c o rp io n  venom to x in s .  B io -G e l a l s o  shows an a f f i n i t y  f o r  
b a s ic  m a te r i a l s  (S c h w a rtz  eC fiJ 1965 ).
The I n t e r a c t i o n  o f  a ro m a tic  and h e t e r o c y c l i c  compounds i s  w e l l  known 
f o r  b o th  Sephadex  ( G e lo t te  1960; P o ra th  1963; D eterm ann and W alte r  
1968) and p o ly a c ry la m id e s  (Sun and Sehvn 1965; S chw artz  and Z abin 
1966; D eterm ann and W alte r  1968). C o n s id e r a t io n  o f  th e  n a tu r e  o f  
a ro m a tic  s p e c ie s  end p o s s ib l e  m echanism s o f  i n t e r a c t i o n  su g g e s t  i n ­
vo lv e m en t o f  th e  m e l e c t r o n  sy s te m  o f  t h e  s o lu t e  and an e l e c t r o n  d e ­
f i c i e n t  o r  e l e c t r o n e g a t iv e  p o r t i o n  o f  th e  g e l .  I n  t h e  c a s e  o f  th e  
Sephadex  g e l s ,  i n t e r a c t i o n s  w ould o c c u r  w ith  th e  e th e r  oxygens in  th e  
g ly c e r y l  b r id g e .  H ydrogen bond in g  be tw een  s u b s t i t u e n t s  o f  a ro m a tic  
compounds o r  th e  h e te r o - a to m  o f  h e t e r o c y c l i c s  and th e  g ly c e r y l  b r id g e  
in  S ephadex  may a l s o  o c c u r .  B aker and P o r a th  (1967) su g g e s te d  th e  
in v o lv e m e n t o f  th e  it e l e c t r o n  sy s te m  o f  a ro m a tic  s o lu t e s  in  i n t e r ­
a c t io n  e f f e c t s .  D eterm ann  and W a lte r  (1968 ) p r o v id e d  e v id e n c e  th a t  
th e  s i t e  o f  i n t e r a c t i o n  in  Sephadex was th e  g ly c e r y l  b r id g e .  Brooks 
and H ousley  (1969) su g g e s te d  t h a t  p h e n o ls  c o u ld  i n t e r a c t  w ith  
Sephadex  by hyd rogen  bond in g  betw een  th e  h y d ro x y l g roup  o f  th e  p h e n o l 
and th e  g ly c e r y l  b r id g e  o f  th e  m a tr ix .  Sweetman and Nyhan (1971) u s in g  
Sephadex G!0 found e v id e n c e  t h a t  p u r in e s  i n t e r a c t  w ith  th e  d e x tra n  
c h a in .  I t  i s  s u g g e s te d  t h a t  t h e  i n t e r a c t i o n  i s  be tw een  th e  h y d ro x y l 
g ro u p s  o f  th e  Sephadex  d e x tra n  c h a in  and th e  r in g  n i t r o g e n .  I n ­
vo lv e m en t o f  th e  t  sy s te m  i s  a l s o  th o u g h t t o  o c c u r .  A d d it io n a l  
f o r c e s ,  d ip o l e - d ip o le ,  d ip o le - in d u c e d  d ip o le  and d i s p e r s io n  f o rc e s  
m ig h t b e  a f f e c t i n g  th e  i n t e r a c t i o n .
S p e c i f i c  I n t e r a c t io n s
S p e c i f i c  i n t e r a c t i o n s  betw een  s o lu t e  and g e ls  have been r e p o r t e d ,  f o r  
exam p le , a d s o rp t io n  o f  p a n c r e a t i c  am y lase  t o  Sephadex G100 (W ild ing  
1963) and G75 ( G e lo t t e  1966) i s  th o u g h t t o  b e  due to  th e  fo rm a tio n  
o f  a mock e n z y m e /s u b s tr a te  com plex . C o n c an a v a lin  A has an a f f i n i t y  
f o r  D -m annoside  and D -g lu c o s id e  g ro u p in g s  in  Sephadex G50 and 
C o n c an a v a lin  A i s  p u r i f i e d  by i t s  a d s o r p t io n  to  Sephadex G50, e lu t i o n
Tj-«ss=?*S=?r
b e in g  e f f e c t e d  w ith  g lu c o s e .  The a d s o rp t io n  o f  a l i p h a t i c  a lc o h o ls  
(M arsden 1965) B o ra te  and h y d ro x y l io n s  t o  Sephadex i s  th o u g h t t o  be 
due to  r e a c t io n s  w ith  th e  h y d ro x y l g ro u p s  o f  th e  d e x tra n  c h a in .
T h in  L a y e r  C h r o m a to g r a p h y  ( t . I . c . ) p la te s  o f  th e  e lu te d  m e ta b o l ite s .
The t h in  la y e r  chrom atogram s f o r  th e  " A m b e r lite "  XAD-2 c o lum ns, th e  s i l i c a  
g e ] colum ns and some o f  th e  Sephadex  G10 colum ns a re  n o t in c lu d e d  a s  th e y  
showed o n ly  o -an d  B-CA and t r a c e s  o f  in t e r m e d i a t e s . A ll o f  th e  f r a c t i o n s  
from  th e  XAD-2 colum ns w ere  c o n ta m in a te d  w ith  a -a n d  B-CA w hich was b e in g  
bound o v e r  a f t e r  each r u n , even  a f t e r  w ash ing  w ith  100* m e thano l and 
p r o p a n o l . The r e s u l t s  shown h e re  a r e  from  new ly packed  c o lum ns, a s  i t  was 
found t h a t  once a column (XAD-2) had  been  u s e d , bound o -an d  (S-CA c o u ld  
n o t  be removed w ith o u t d e s t r o y in g  th e  r e s i n .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a t  v a r io u s  c o n c e n t r a t io n s  o f  m e thano l p eak s 
o f  o -and  B-CA w ashed o f f ,  and when run  on t . I . c .  p l a t e s  showed s l i g h t l y  
d i f f e r e n t  R , ' s . More a c c u ra te  work w ould h av e  to  be done on th e s e  s t r u c ­
tu r e s  though  t o  s e e  i f  th e y  a r e  v a r io u s  iso m ers  o f  o -an d  B-CA.
The s i l i c a  g e l  column r e s u l t s  a re  in c lu d e d  b u t  i t  m ust be rem em bered t h a t  
th e  column e lu t io n  was n o t  e a s i l y  r e p r o d u c ib le  due to  t h e  e f f e c t s  o f  
e t h y l a c e t a t e  on th e  m o n ito r. F r a c t i o n s  (5 m l) w ere m easured  in  a  Beckman 
D .B . s p e c tr o p h o to m e te r , th e  sam p les show ing  a b so rb a n c e  w ere  run  on t . I . c .  
p l a t e s  and a g a in  c o n ta m in a tio n  o f  a l ]  a b so rb in g  f r a c t i o n s  by a -  and B-CA
W ith Sephadex G10 p a c k in g  th e  f i r s t  two e x p e r im e n ts  a g a in  showed co n tam ­
in a t io n  o f  a l l  f r a c t i o n s  w ith  a -a n d  B-CA, o-C.. in  p a r t i c u l a r .  As c an  be 
s e e n  from  th e  r e s u l t s  p r e s e n te d  in  F ig u re s  17 and 16. However w ith  th e  
t h i r d  e x p er im e n t (F ig u re  39) a l th o u g h  c o n ta m in a tio n  o f  th e  f r a c t i o n s  by 
u -an d  B-CA o c c u r re d ,  some s e p a r a t i o n  o f  th e  in te r m e d ia te s  - o u ld  b e  s e e n  
( t . I . c .  F ig u re  1 9 ) . In  F ig u re s  20 and 21 fo rm ic  a c id  was used  w ith  th e  
ammonia, and i t  was se en  t h a t  s e p a r a t io n  was n o t  e i,> snced  b u t was r e ­
ta r d e d ,  and c o n ta m in a t io n  by a -a n d  (5-CA a g a in  becam e n o t i c e a b le  ( t .  I . e .  
F ig u re s  20 and 2 1 ) .
T h e r e a f t e r  th e  colum n was ru n  u s in g  250mH ammonia w i th  th e  EDTA (F ig u re  
22 and t . l . c .  F ig u re  2 2 ) . T h is  gave r e s u l t s  s i m i l a r  t o  th o s e  se en  in  
F ig u re  19 show ing  s e p a r a t io n  o f  th e  m e ta b o l i te s .  T h is  s e p a r a t io n  was im­
p ro v ed  by u s in g  th e  " s ta n d a r d "  ImM EDTA a d ju s te d  to  pH 10 .5  w ith  ammonia 
( F ig u r e  23 and t . l . c .  F ig u re  2 3 ) . U sing t h i s  sy s te m  cA A trp , t r p - y  and
t r p - z  c o u ld  be i s o l a t e d  w ith  e a se  and a c c u ra c y .
Two t . l . c .  p l a t e s  w ere  d e v e lo p e d  u s in g  th e  f r a c t i o n s  m arked on F ig u re s  
22 S 23. Or "«is s t a in e d  w ith  E h r l i c h 's  r e a g e n t  and th e  o th e r  w ith  f e r r i c  
c h lo r i d e  ( S i lb e r  and S h u lze  1953) w ith  w hich cAA trp s t a i n s  as a v e ry  d a rk  
b a n d . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  in  th o s e  f r a c t i o n s  c o n ta in in g  
in te r m e d ia te s  many more bands a re  se en  th a n  in te r m e d i a te s  so f a r  su g ­
g e s te d .  I t  w ould be i n t e r e s t i n g  t o  i s o l a t e  th e s e  b a nds in  q u a n t i t i e s  la rg e  
enough t o  be a s s a y e d , as w ith  th e  above te c h n iq u e  w i l l  now be p o s s ib l e .
I t  was e v e n tu a l ly  found t h a t  th e  b e s t  b u f f e r  f o r  e f f e c t i n g  th e  e lu t i o n  
o f  cAA trp was ImM EDTA a d ju s te d  to  pH 10 .5  w ith  ammonia. I t  can  be  se en  
t h a t  t r p  y and z  w ere  e lu t e d  f i r s t  fo llo w ed  by cA A trp , im m ed ia te ly  a f t e T
cA A trp was e lu t e d  th e  column was washed w ith  50% a c e to n e  pH 2 to  remove
a l l  o f  th e  a -  and B-CA. The u se  o f  50% a c e to n e  pH 2 t o  remove th e  a -  and
B-CA from  th e  colum n show t h a t  th e  s e p a r a t io n  was n o t b ro u g h t a b o u t by
m o le c u la r  s i e v in g  a lo n e ,  b u t more p ro b a b ly  by s e p a r a t i o n  a c c o rd in g  to  th e  
c h a rg e  c a r r i e d  by th e  m o le c u le s  in  th e  sam p le .
T h is  means t h a t  i t  i s  now p o s s ib l e  to  o b ta in  la r g e  am ounts o f  cAAtrp one
o f  th e  s u b s t r a t e s  f o r  th e  s e c o n d a ry  t r a n s f e r a s e ,  a l s o  la r g e  am ounts o f  
th e  unknown in te r m e d i a te s  can be p u r i f i e d  u s in g  p r e p a r a t i v e  t . l . c .  and 
th u s  t h e i r  s t r u c t u r e s  can b e  e lu c id a t e d .  I t  w ould a p p ea r  from th e  l i t ­
e r a t u r e  t h a t  th e  s e p a r a t io n  o b se rv e d  i s  p ro b a b ly  due to  th e  a ro m a tic  
i n t e r a c t i o n s  t h a t  o c c u r  in  th e  g e l .
% m e t h a n o l
E lu t io n  p r o f i l e  o f  a s h a llo w  m ethano l g r a d ie n t  from  a G10 
colum n: The sam ple  was added  t o  th e  column (30 x 15cm)
v ia  an LKB v a r io p e rp e x  pump. The above column was e lu te d  
w ith  50mt a l i q u o t s  o f  e ac h  o f  2 .5% , 5%, 10% and 50% 
m e th a n o l , th e  column b e in g  w ashed w ith  lOOmt o f  100% 
m ethano l fo llo w e d  by 100ml o f  d i s t i l l e d  w a te r .  D e te c tio n  
was by flow  th ro u g h  c e l l  a t  260nm. o -an d  &-CA were 
in  a l l  o f  th e  f r a c t i o n s
X100% m e th a n o l  (w as h)
E lu t io n  p r o f i l e  o f  a s h a llo w  KC1 g r a d ie n t  on a G10 
co lum n: The sam ple  was added to  th e  column (30  x 15cm)
v ia  an LKB v a r io p e r p e x  pump. The above colum n was d e v e l ­
oped  w ith  300mt o f  ImM EDTA, ImM KC1 fo llo w e d  by lOOmt 
o f  ImM EDTA, 50mM KC). At th e  end o f  th e  ru n  th e  column 
w as w ashed w ith  300ml o f  100°. m e thano l fo llo w ed  by 100ml 
o f  d i s t i l l e d  w a te r .  D e te c t io n  was by f lo w  th ro u g h  c e l l  
a t  280nm. a -a n d  6-CA w ere found  in  a l l  o f  th e  f r a c t i o n s .
100% m e th a n o l (w ash )
F ig u re  19. E lu t i o n  p r o f i l e  o f  a s t e e p  ammo: a  a g r a d ie n t  from  a G10 
co lum n: The sam p le  was added  to  th e  column (30 x 15cm)
v ia  an LKB v a r io p e r p e x  pump. The above column was d e v e l ­
oped w ith  50mi o f  SmM, 50mM, lOOmM 250mM and SOOmM ammo­
n i a .  At th e  end o f  t h e  run  th e  column was w ashed w ith  
lOOrat o f  J00% m ethano l fo llo w e d  by 100m! o f  d i s t i l l e d  
w a te r .  D e te c t io n  was by flow  th ro u g h  c e l l  a t  280nm. In  
th e  t h i n  la y e r  ch rom atog ram , th e  s ta n d a r d  i s  th e  sam ple  
b e f o r e  a d d i t io n  to  th e  co lum n, 1 i s  o -  and B-CA, I I  is  
cA A trp , I I I  i s  t r p - y ,  IV i s  t r p - z ,  V i s  t r y p to p h a n .
100% m e th a n o l (w ash )25mK fo rm ic  a c id
E lu tio n  p r o f i l e  o f  a s h a llo w  fo rm ic  a c id  g ra d ie n t ,  from  a 
G10 colum n: The sam ple was added to  th e  colum n (30  x 
35cm) v ia  an LKB v a r io p e r p e x  pump. The above colum n was 
e lu te d  w ith  300mt o f  lm>! EDTA, 25mM fo rm ic  a c id  a d ju s te d  
t o  pH 10 w ith  ammonia. At th e  end o f  th e  run  th e  column 
was. w ashed w ith  100ml o f  100% m ethano l fo llo w e d  by 100m£ 
o f  d i s t i l  le d  w a te r .  D e te c t io n  was by flow  th ro u g h  c e l l  
a t  280nn. In  th e  t h in  la y e r  ch rom atogram , th e  s ta n d a r d  
i s  th e  sam ple  b e fo r e  a d d i t io n  to  th e  co lu w n , 1 i s  o -  and 
6 -CA, I I  i s  cA A trp, I I I  i s  t r p - y ,  IV i s  t r p - z ,  V i s  
t r y p to p h a n .
i100% m e th a n o l (w ash )
F ig u re  21. E lu t i o n  p r o f i l e  o f  a s t e e p  fo rm ic  a c id  g r a d ie n t  from a 
CIO colum n: The sam ple  was added to  th e  colum n (30 x
15cm) v ia  an LKB v a r io p e rp o x  pump. The above column was 
e lu t e d  w ith  200ml o f  ImM EDTA, 25mM fo rm ic  a c id  a d ju s te d  
t o  pH 30 w ith  ammonia, fo llo w ed  by 100ml o f  ImM EDTA, 
250mh fo rm ic  a c id  a d ju s te d  t o  pH 10 w ith  ammonia. At th e  
end o f  th e  run  th e  column was washed W ith 100ml o f  100 . 
m e thano l fo llo w e d  by 100ml o f  d i s t i l l e d  w a te r .  D e te c t io n  
was by flow  th ro u g h  c e l l  a t  260nm. In  th e  t h i n  la y e r  
ch rom atog ram , th e  s ta n d a r d  i s  th e  s a r p l e  b e f o r e  a d d i t io n  
t o  th e  co lum n, I i s  o -  and 6-CA, 11 i s  cA A trp , I I I  i s  
t r p - y ,  IV i s  t r p - z ,  V i s  t r y p to p h a n .
509 a c e t o n e  pH 2 ( w a s h )
F ig u re  22 , E lu t io n  p r o f i l e  o f  a medium ammonia g r a d ie n t  from  a G10 
colum n: The sam p le  was added to  th e  colum n (30  x 13cm)
v ia  an LKB v o r io p e rp e x  pump. The above column was e lu te d  
w ith  300mt o f  ImM EDTA, 250mM ammonia, and w ashed w ith  
50* a c e to n e  a d ju s te d  t o  pH 2 u s in g  HC1. D e te c t io n  was 
by flo w  th ro u g h  c e l l  a t  280nm. In  th e  t h i n  la y e r  
ch rom atog ram , th e  s ta n d a r d  i s  th e  sam ple  b e fo r e  a d d i t io n  
to  th e  colum n, 1 i s  e -  and &-CA, I I  i s  cA A trp , I I I  i s  
t r p - y ,  IV i s  t r p - a ,  V i s  t r y p to p h a n .
0
NH4 pH 1 0 . 5  50% a c e t o n e  pH 2  ( w a s h )
F ig u re  23. E lu t io n  p r o f i l e  o f  an ammonia a d ju s te d  EDTA e lu a n t  from  
a G ]0 colum n: The sam p le  was added  to  th e  column (30 x
15cm) v ia  an LKB v a r io p e r p e x  pump. The above column was 
e lu te d  w ith  300mE o f  ImM EDTA a d ju s te d  to  pH 10 - 10 .5  
u s in g  ammonia. At th e  end o f  th e  ru n  th e  column was w ashed 
w ith  lODmt o f  50» a c e to n e  a d ju s te d  t o  pH 2 w i th  HCI f o l ­
lowed by 100m! o f  d i s t i l l e d  w a te r .  D e te c t io n  was by flow  
th ro u g h  c e l l  a t  26Dnm. In  th e  t h in  la y e r  ch rom atogram , 
th e  s ta n d a r d  i*. th e  sam ple  b e fo re  a d d i t io n  t o  th e  co lum n, 
3 i s  a -  and B-CA, I I  i s  cA A trp , I I I  i s  t r p - y ,  IV i s  t r p - a ,  
V i s  t r y p to p h a n .
I t  can  be s e e n  from  th e  t . l . c .  p l a t e s  t h a t  th e  bands w h ir r u n , a p p ea re d
i.n p a i r s  o r  t r i p l i c a t e s  in  t h e  im m edia te  v i c i n i t y  o f  t h e i r  p o s i t i o n s  on 
th e  th in  la y e r  ch rom atog ram . I t  i s  p o s s ib l e  t h a t  t h e s e  bands may be  
iso m ers  o f  each  o t h e r ,  s e e  F ig u re  12.
3 .7  In h ib i to r  S tu d ie s  on  P en ic llliu m  cy clo p iu m  u s in g  C lo f ib r a te
C l o f i b r i c  a c id  ( 2 - (p -c h lo ro p h e n o x y )- 2  m e th y lp ro p io n ic  a c id )  was u se d  in  
an a tte m p t t o  in c r e a s e  th e  p o o l o f  cAAtrp by in h i b i t i n g  HMG-Co-A re d u c ta s e  
(R odw ell, Mc Namara and S h a p iro  1 973 ). I f  th e  HHG-Co-A r e d u c ta s e  i s  
b lo c k e d  no IPP p r o d u c tio n  can  o c cu r  and th u s  no DMAPP p r o d u c t io n .  T h is  
w ould le a d  to  an i n c r e a s e  in  th e  amount o f  AcCoA p r e s e n t ,  and th e r e f o r e  
p o s s ib l y  an in c r e a s e  in  cAA trp a s  no DMAPP woulr1 be  p r e s e n t  t o  p roduce  
S-CA. I t  has- been  shown t h a t  C l o f ib r i c  a c id  and i t s  e th y l  e s t e r  (CPIB) 
low er p lasm a c h o le s t e r o l  le v e l s  (N e s te l e t  aJ 1965) and a re  in  c l i n i c a l  
u s e . Burch and C urran  (1969 ) s u g g e s te d  t ' . a t  C l o f ib r a t e  b lo c k s  c h o le s t e r o l  
s y n th e s is  by in c r e a s in g  th e  r a t e  o f  d e a c y la t i o n  o f  a c e to a c e ty l-C o A  (See. 
F ig u re  2 6 ) , W hite  (1971) has shown t h a t  th e  m ajor e f f e c t  o f  C l o f ib r a t e  
i s  a t  HMG-Co-A r e d u c ta s e  and t h a t  a 0.3% C l o f ib r a t e  d i e t  p ro d u ce s  a 60 - 
90% d e c r e a s e  in  r e d u c ta s e  a c t i v i t y  w i th in  3 d a y s .
V ar io u s  c o n c e n t ra t io n s  o f  C l o f ib r a t e  (46mM; 1 . 6mM; 0 .46mM; 0 . 046mM;
O.OOmM) w ere a p p l ie d  t o  P .c y c lo p iu m  o v e r f i v e  days and th e  g row ths 
checked  f o r  a -a n d  B-CA p r o d u c t io n ,  a s  w e ll as f o r  cAA trp t o  check  f o r  th e  
p r e d i c t e d  in c r e a s e  in  p o o l s i z -
rh e  c u l tu r e s  w ere  grown and sub  in o c u la t e d , as d e s c r ib e d  ( 2 ,6 ) ,  24 h o u rs  
l a t e r  th e  f i r s t  C l o f ib r a t e  was added  and t h e r e a f t e r  sa m p le s w ere  ta k e n  
e v e ry  24 ho u rs  and more C l o f i b r a t e ,  a t  i t s  r e s p e c t i v e  c o n c e n t r a t io n ,  
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F ig u re  24- R oute  o f  m e tab o lism  to  s t e r o i d  s y n th e s i s .  The in v o lv e ­
m ent o f  HMG-CoA re d u c ta s e  in  s . c . o i d  b i o s y n t h e s i s .
T h in  la y e r  c h ro m a to g r a m s  o f  th e  p r o d u c ts  d e r iv e d  fro m  in h ib i to r  s tu d i e s
In  o r d e r  t o  c heck  t h a t  i t  was CA b e in g  p ro d u ce d  and n o t  a b u i ld  up in  
cAA irp ( th e  d e s i r e d  e f f e c t )  c a u s in g  th e  in c re a s e d  v a lu e s .  The lo g  m olar 
e x t in c t io n  c o e f f i c i e n t s  f o r  CA and cAA trp a re  s im i l a r ,  t . l . c .  p l a t e s  w ere 
run  on th e  e x t r a c t s  o f  th e  o r g a n ic  la y e r  a f t e r  th e  riyce lium  had been  
hom ogenised  and th e  e x t r a c t  c e n t r i f u g e d  ( s e e  M a te r ia ls  and M ethods 2 .6 ) .  
F ig u re  21 shows th e  t h i n  la y e r  chrom atogram  o f  th e  m e ta b o l i te s  e x t r a c t e d  
from  P .c y c lo p iu m  t r e a t e d  w ith  C l o f ib r a t e .
The chrom atogram s o f  e x t r a c t *  d e r iv e d  from  th e  i n h i b i t i o n  s tu d i e s  a t :
Day 2 ; shows th e  o r g a n ic  e x t r a c t  ru n n in g  from th e  b la n k  on th e  l e f t  to  
th e  h ig h e s t  c o n c e n t r a t io n  o f  C l o f ib r a t e  on th e  r i g h t .  I t  can be se en  t h a t  
a l l  th e  i n te r m e d ia te s  and a -a n d  B-CA a r e  p r e s e n t .
Day 3 ; I t  can  b e  se en  in  th e  c o n t r o l  t h a t  th e  a p p ea ra n ce  o f  a -a n d  6-CA
and th e  in te r m e d ia te s  a re  n o rm al, w h erea s a la rg e  d e c r e a s e  in  t h e i r  c o n ­
c e n t r a t i o n s  can  b e  se en  in  th e  C l o f ib r a t e  t r e a t e d  P .c y c lo p iu m .
Day 4 ; The C l o f ib r a t e  t r e a t e d  grow ths and th e  b la n k  showed a p p ro x im a te ly  
th e  same am ounts o f  a -a n d  B-CA, b u t  th e  in te r m e d ia te s  from  th e  C l o f ib r a t e  
t r e a t e d  grow ths showed s ig n s  o f  d e c r e a s in g .  The 0.46mM t r e a tm e n t  d id  
how ever show a l a r g e r  amount o f  cAAtrp th a n  th e  o th e r  C l o f ib r a te  t r e a t ­
m e n ts , a lm o s t h a l f  th e  s i z e  o f  th e  band f o r  th e  b la n k  ( v is u a l  check o n ly ) .
Day 5 ; I t  can be se en  now t h a t  th e  a -a n d  B-CA c o n c e n t ra t io n  in  th e
C l o f ib r a t e  t r e a t e d  grow ths has rea ch e d  t h a t  found in  th e  b la n k ,  and h as 
in  f a c t  e x ceeded  p r o d u c tio n  by th e  b la n k  in  a l l  t r e a tm e n ts  ( s e e  T ab le  6 ) .  
However th e  i n te r m e d ia te s  o f  CA p r o d u c tio n  d e c r e a s e d  d r a s t i c a l l y  in  th e  
l l o f i b r a t e  t r e a t e d  g ro w th s , and had in  some c a se s  d is a p p e a r e d , a lth o u g h  
i t  was n o t ic e d  th a t  many more bands w ere  se en  a l b e i t  t h a t  th e y  w ere v e ry
1 In  F ig u re s  25 and 26 i t  can  be se en  t h a t  th e  c o n c e n t r a t io n  o f  CA had n o t
I  a l t e r e d  s i g n i f i c a n t l y  in  any o f  th e  t r e a tm e n ts  by day  tw o. However i t
1  can be se en  t h a t  by day th r e e  th e  C l o f ib r a t e  seemed to  be h a v in g  an e f -
fi f e e t ,  as th e  c o n c e n t ra t io n  o f  a l l  th e  s e c o n d a ry  m e ta b o l i te s  had d e c re a s e d
|  com pared to  th e  b la n k  (and  F ig u re  27 , day 3 , c o n firm s  t h i s ) . By day fo u r
th e  c o n c e n t ra t io n  o f  th e  m e ta b o l i te s  had r e tu r n e d  t o  t h a t  o f  th e  c o n t r o l ,
I and by day f i v e  had su rp a s s e d  t h a t  o f  th e  c o n t r o l ,  t h i s  m ig h t su g g e s t  t h a t
cAA trp had in d e e d  p o o le d , y e t i t  was o n ly  th e  c o n c e n t r a t io n  o f  e -a n d  6-CA 
t h a t  had in c re a s e d  a p p re c ia b ly  ( s e e  t . l . c .  4 and 5 , F ig u re  2 7 ) . T hroughout 
th e s e  changes th e  d ry  w e ig h t o f  th e  m y c e lia l  m ats d id  n o t  d i f f ’.r s i g n i f ­
i c a n t l y  from  t h a t  o f  th e  c o n t r o l . T ak in g  th e  r e s u l t s  o f  day  th r e e  i t  would 
a p p ea r  t h a t  C l o f ib r a t e  does have an i n h ib i to r y  e f f e c t  on th e  HMG CoA 
’ r e d u c ta s e  in  P .c y c J o p iu a ,  and t h a t  f o r  some re a so n  t h i s  c o n t r o l  i s  b y ­
p a s s e d . I t  may be p o s s ib l e  t h a t  th e r e  i s  a  -o o l  o f  DNAPP o r  IPP p r e s e n t  
in  th e  o rg an ism  to  b e g in  w ith ,  and t h i s  bee  a v a i la b le  t o  t h -  enzymes 
a s  th e  o rg an ism  p r o g re s s e s  d e ep e r  i n to  th e  id io p h a s e ,  w here i t  i s  known
t h a t  p h y s io lo g ic a l  changes o c cu r  (B u'L ock 1965, 1975; W oodruff 1966;
B erry  1975), I t  i s  how ever i s  h ig h ly  u n l ik e ly  t h a t  th e  DMAPP w i l l  poo l 
a s  Mc G ra th  e r  s i  (1976) shewed t h a t  DMAPP was th e  r a t e  l im i t i n g  
m e ta b o l i te .  An a l t e r n a t i v e  h y p o th e s is  i s  t h a t  d u r in g  th e  change to  th e  
id io p h a s e  and th e  p r o d u c tio n  o f  se c o n d a ry  m e ta b o l i t e s ,  i t  i s  p o s s ib l e  t h a t
p r e v io u s ly  u n a v a i la b le  enzymes and s u b s t r a t e s  may become a v a i l a b l e .  Thus
an a l t e r n a t i v e  ro u te  may be  c r e a te d  f o r  th e  p r o d u c tio n  o f  IPP o r  DMAPP 
o r  some o f  th e  o th e r  m e ta b o l i te s  in v o lv e d  in  th e  p r o d u c tio n  o f  CA. A no the r 
p o s s i b i l i t y  i s  t h a t  th e r e  i s  in p u t  from  f a t t y  a c id  breakdow n a t  some p o in t  
a f t e r  th e  c l o f i b r a t e  h a s  had i t s  a c t io n .
I t  i s  i n t e r e s t i n g  to  n o te  from  th e  t . l . c .  p l a t e s ,  day f o u r  and f iv e  
(F ig u re  2 7 ) ,  t h a t  th e  o n ly  s e c o n d a r-  m e ta b o l i te  in  th e  C l o f ib r a t e  t r e a t e d  
g ro w th s t o  show an in c re a s e  i s  in  f a c t  a -a n d  B-CA (w hich  i s  why t h i s  
m ethod cou ld  n o t  be used  t o  in c re a s e  th e  amount cA A trp, t o  f a c i l i t a t e  i t s  
e x t r a c t i o n ) . Thus in d e p e n d e n tly  o f  w here th e  s u b s t r a t e s  f o r  e -a n d  6-CA 
a r e  from , some f a c to r  b ro u g h t on by th e  p re s e n c e  o f  C l o f ib r a t e  i s  c a u s in g  
an in c r e a s e  in  th e  c a t a l y t i c  a c t i v i t y  o f  th e  se c o n d a ry  t r a n s f e r a s e .
In  F ig u re s  25 and 26 i t  can be se en  t h a t  th e  c o n c e n t ra t io n  o f  CA had no t 
a l t e r e d  s i g n i f i c a n t l y  in  any o f  th e  t r e a tm e n ts  by day tw o. However i t  
can be se en  t h a t  by day th r e e  th e  C l o f ib r a t e  seemed to  b e  h a v in g  an e f ­
f e c t ,  as th e  c o n c e n t ra t io n  o f  a l l  th e  s e c o n d a ry  m e ta b o l i te s  had d e c re a se d  
com pered to  t h e  b la n k  (and  F ig u re  27 , day 3 , c o n firm s  t h i s ) .  By day fo u r  
th e  c o n c e n t ra t io n  o f  th e  m e ta b o l i te s  had r e tu r n e d  to  t h a t  o f  th e  c o n t r o l , 
and by day f i v e  had su rp a s s e d  th a t  o f  th e  c o n t r o l , t h i s  m ight s u g g e s t  th a t  
cAAtrp had  in d e e d  p o o le d , y e t  i t  was o n ly  th e  c o n c e n t ra t io n  o f  e -a n d  g-CA 
th a t  had in c r e a s e d  a p p r e c ia b ly  ( s e e  t . l . c .  4 and 5 ,  F ig u re  2 7 ) . T h roughout 
t h e s e  changes t h e  d ry  w e ig h t o f  th e  m y c e lia l  m a ts  d id  n o t  d i f f e r  s i g n i f ­
i c a n t l y  from  t h a t  o f  th e  c o n t r o l .  T ak in g  th e  r e s u l t s  o f  day th r e e  i t  would 
a p p ea r t h a t  C l o f ib r a t e  does have an i n h ib i to r y  e f f e c t  on th e  HMG CoA 
r e d u c ta s e  in  P .c y c lo p iu m ,  and t h a t  f o r  some re a so n  t h i s  c o n t r o l  i s  b y ­
p a s s e d . I t  may be  p o s s ib l e  th a t  t h e r e  i s  a p o o l o f  DMAPP o r  IPP p r e s e n t
in  th e  o rg an ism  t o  b e g in  w i t h , and t h i s  becomes a v a i l a b l e  t o  th e  enzymes
a s  th e  o rg an ism  p r o g re s s e s  d e ep e r  i n to  th e  id io p h a s e ,  w here i t  i s  known 
t h a t  p h y s io lo g ic a l  changes o c cu r  (B u 'L ock  1965, 1975; W oodruff 1966; 
B erry  1975 ). I t  i s  how ever i s  h ig h ly  u n l ik e ly  t h a t  th e  DMAPP w i l l  poo l 
a s  Mr' G ra th  e t  aJ (1976) showed t h a t  DMAPP was th e  r a t e  l im i t i n g  
m e ta b o l i t e . An a l t e r n a t i v e  h y p o th e s is  i s  t h a t  d u r in g  th e  change to  th e  
id io p h a s e  and th e  p r o d u c tio n  o f  se c o n d a ry  m e ta b o l i te s ,  i t  i s  p o s s ib l e  t h a t  
p r e v io u s ly  u n a v a i la b le  enzymes and s u b s t r a t e s  may become a v a i l a b l e .  Thus 
an a l t e r n a t i v e  r o u te  may be c re a te d  f o r  th e  p ro d u c tio n  o f  IPP o r  DMAPP
o r  some o f  th e  o th e r  m e ta b o l i te s  in v o lv e d  in  th e  p r o d u c tio n  o f  CA. A nother
p o s s i b i l i t y  i s  t h a t  th e r e  i s  in p u t from  f a t t y  a c id  breakdow n a t  some p o in t  
a f t e r  th e  c l o f i b r a t e  h as had i t s  a c t io n .
I t  i s  i n t e r e s t i n g  to  n o te  from  th e  t . l . c .  p l a t e s ,  day f o u r  and f iv e  
( F ig u re  2 7 ) ,  t h a t  th e  o n ly  se co n d a ry  m e ta b o l i te  in  th e  C l o f ib r a t e  t r e a t e d  
grow ths t o  show an in c re a s e  i s  in  f a c t  o -an d  B-CA (w hich i s  why t h i s  
m ethod c o u ld  n o t  be used  t o  in c re a s e  th e  amount cA A trp , t o  f a c i l i t a t e  i t s  
e x t r a c t i o n ) . Thus in d e p e n d e n tly  o f  w here  th e  s u b s t r a t e s  f o r  a -a n d  6-CA 
a r e  from , some f a c t o r  b ro u g h t on by th e  p re s e n c e  o f  C l o f ib r a t e  i s  c a u s in g  
an in c r e a s e  in  th e  c a t a l y t i c  a c t i v i t y  o f  th e  s e c o n d a ry  t r a n s f e r a s e .
TABLE 8 C l o f ib r a t e  I n h i b i t o r  S tu d ie s  on P. c y c J o p iiw
C o n c e n t ra t io n
C l o f ib r a te
a p p lie d
d ry  w e ig h t 
m y c e lia l  mat

















25. C l o f ib r a i e  In h ib i The above shows th e
if  bo th  o and B CA ]20  h o u rs  fo i
id  (b la n k )
■ D. 046m>! C l o f ib t i c
C lo f ib ]
F ig u re  26. C l o f ib r a t e  I n h ib i to r  S tu d ie s :  M y c e lia l mat d ry  w e ig h t
(gm) o v e r  th e  p e r io d  o f  th e  e x p er im e n t f o r  a l l  sa m p le s , 
show ing no s i g n i f i c a n t  d i f f e r e n c e  in  mean d ry  w e ig h ts .
•  O.OOraM C l o f ib r i c  a c id  
■ 0 .0 6  6mM C l o f ib r i c  a c id  
X O.abmM C l o f ib r i c  a c id  
o 4,6mM C l o f ib r i c  a c id  
°  6 6mM C l o f ib r i c  a c id
a  a  o O  O a o O O  Q
5
0 o . o a e  O .a e  a . e- ae 0 o . o a e  0 . 4 6  4 , 6  46
DAY 4 DAY 5
f ig u r e  27 , T h in  la y e r  chrom atogram s o f  th e  m e ta b o l i te s  e x tra c i e d f ro m  
P .cy c lo p Ju m  t r e a t e d  w ith  C l o f tb r a t e .  : The f ig u r e s  a t
th e  bo ttom  o f  th e  in d iv id u a l  s t r e a k s  on each  t . l . e .  p l a t e  
d e n o te  th e  mM C l o f ib r a te  c o n c e n t r a t io n  u se d . In  th e  t h in  
la y e r  chrom atogram  a i s  a -  and 0-CA, b i s  cA A trp , c  i s  
r r p - y ,  d i s  r r p - z  and e i s  t r y p to p h a n .
CH A PTER 4
CO N CLU SIO N S
*  i
C O N CLU SIO N S
1. I t  was found  t h a t  th e  b e s t  m ethod o f  c e l l  r u p tu r e  was th e  a c e to n e /d ry  
powder m e thod . Enzymes i s o l a t e d  in  t h i s  m anner r e ta in e d  t h e i r  a c t i v ­
i t y  f o r  s t  l e a s t  a y e a r  when s to r e d  a t  -2 0 °C . T h is  method e ls e  had 
th e  a d v an ta g e  t h a t  c o n ta m in a tin g  l i p i d s  and v a r io u s  o th e r  m e ta b o l i te s  
w ould be rem oved in  th e  a c e to n e . The d r i e d  powder i s  e a s i l y  s to r e d  
and r e c o n s t i t u t i o n  o f  th e  pow der p ro v ed  to  be e a s y , and once r e c o n ­
s t i t u t e d  th e  enzymes w ere s t a b l e .
2 . The se c o n d a ry  t r a n s f e r a s e  i s  b e s t  p roduced  u s in g  n u t r i e n t  r i c h  c o rn  ; 
s te e p  l i q u o r . T h is  r e s u l t  su g g e s ts  t h a t ,  in  t h i s  c a s e ,  th e  p ro d u c tio n
o f  c y c lo p ia z o n ic  a c id  i s  n o t c o n t r o l l e d  by enzyme c o n c e n tra t io n  ( t h i s  
su p p o r ts  th e  r e s u l t s  o f  Mc G ra th  e t a l  1976 and 1977 ), T h is  i s  so 
be ca u se  th e  s e c o n d a ry  t r a n s f e r a s e  i s  p r e s e n t  in  h ig h  c o n c e n tra t io n s  
i n  m ycelium  grown on r i c h  medium even though  th e  s e c o n d a ry  m e ta b o l i te  
p r o d u c tio n  i s  r e p r e s s e d . The- e x p la n a t io n  may v e i l  be  t h a t  under n u ­
t r i e n t  r i c h  c o n d it io n s  cA A trp, s p r e c u rs o r  o f  th e  se co n d a ry  
t r a n s f e r a s e , i s  a b s e n t . ' t  i s  a l s o  p o s s ib l e  t h a t  u n der th e s e  c o n d i­
t i o n s  DMAPP, th e  o th e r  p r e c u rs o r  o f  th e  se c o n d a ry  t r a n s f e r a s e ,  r e ­
m ains , t o  a la r g e  e x t e n t ,  in v o lv e d  in  p r im a ry  me^Abolism and th e  
p r o d u c tio n  o f  f a r n e s y lp y ro p h o s p h s te ,  r a t h e r  th e n  be in g  s ip h o n e d  o f f  
i n to  s e c o n d a ry  m e tabo lism .
3 . cAA trp i s  p ro d u ce d  and p e a le d  in  m ycelium  growr on w e ll d e f in e d  m edia 
u s in g  NaNOj a s  th e  n i t r o g e n  s o u r c e . The i s o l a t i o n  o f  cAAtrp i s  b e s t  
p e rfo rm ed  u s in g  Sephadax G10 and e lu t in g  w ith  ImM EDTA a d ju s te d  to  
p>l 1 0 -1 0 ,5  w ith  ammonia. The f o rc e s  in v o lv e d  in  t h i s  s e p a r a t io n  a re  
n o t f u l l y  u n d e rs to o d , b u t may be due to  th e  a ro m a tic  i n t e r a c t i o n s  
w hich a re  known to  o c cu r  in  Sephadax G10,
I t  was b e l ie v e d  t h a t  i n h j o i t i o n  o f  t h e  enzyme KMG-CoA r e d u c ta s e  u s in g  
C l o f ib r a t e  w ould le a d  t o  an in c re a s e  in  cA A trp, by b o th  f o r c in g  AcCoA 
in to  t h i s  pathw ay and by p r e v e n tin g  th e  a p p ea ra n ce  o f  DMAPP. However 
t h i s  d id  n o t o c c u r ,  p c s s ib S y  b e ca u se  f i o f i b r a t e  h a s  no e f f e c t  in  
P e n ic iH iu m  c y c lo p iu m  . I t  sh o u ld  be n o te d  how ever t h a t , even though  
l e s s  cAA trp i s  p r e s e n t ,  th e  le v e l  o f  b o th  a-  and (S-CA i s  h ig h e r  by 
day 5 i n  th e  C l o f ib r a tn  t r e a t e d  c u l tu r e s  th a n  in  th e  c o n t r o l s .  I t  i s  
p o s s ib l e  p e rh a p s  t h a t  th e  se co n d a ry  t r a n s f e r a s e  i s  r e a c t i n g  f a s t e r  
u n de r t h e s e  c o n d i t io n s  and th u s  more o -  and g-CA i s  b e in g  produced  
and th e  cAAtrp i s  b e in g  u t i l i s e d  as soon a s  i t  becomes a v a i l a b l e  i . e .  
DMAPP i s  b e in g  p ro d u ce d  in  la r g e r  a m o u n ts .
The iso m e ra se s  and p r im a ry  t r a n s f e r a s e s  i s o l a t e d  from  b o th  p ig  l i v e r  
and P e n ic lJ J iu o  cycJopJum  a r e  v e ry  a l i k e .  They show th e  same
i s o e l e c t r i c  p o i n t s ,  s i m i l a r  m o le c u la r  w e ig h ts  and th e  enzymes a re  
i n t e r c o n v e r t i b l e ,  th e  enzymes from  one b e in g  u se d  in  enzyme a s sa y s  
f o r  th e  o '.h e r .
In  f u r t h e r  r e s e a r c h  i t  w ould be v e ry  i n t e r e s t i n g  t o  compare th e  
p re n y l - a r y l  t r a n s f e r a s e  (S.) w ith  th e  p r e n y l  t r a n s f e r a s e  ( T ) . I t  may 
w e ll be  th a t  th e y  have  s im i l a r  s t r u c t u r e s ,  and more w ork sh o u ld  be 
done on th e  g e n e t ic s  o f  P e n ic iJ 1 ium cyc Jo p J u a .
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